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20 PURPOSE AND SCOPE 

This standard operating procedure (SOP) is part of the Rocky Flats Environmental Management 

(EM) Program Sampling Analysis Plan (SAP). The SAP includes the Quality Assurance Project 

Plan (QAPjP) and SOPs, which are program-wide documents that are not project-specific. These 

program-wide documents have been reviewed and approved by the Environmental Protection 

Agency (EPA) and the Colorado Department of Health (CDH) for EM activities at Rocky Flats. 

Project-specific requirements are described in individual project work plans that include a Field 

Sampling Plan (FSP). The FSP will include or reference the applicable program SOPs. 

Procedural details not covered by the program-wide SOPs will be provided in SOP addenda 

(SOPAs). In general, a SOPA will conform with the original SOP but will be project-specific. 

The SOPAS will be an attachment to the FSP and must accompany the FSP and SOPs during field 

operations. 

The project-specific SOPAs, if required, will be prepared by the subcontractor designated to 

prepare the work plans. 

... 
Over the period of the last few years, it has become apparent that a standardized procedure is 

needed for logging alluvial and bedrock material. This need has arisen because each 

subcontractor has slightly different procedures and criteria for logging borehole material. 

Beginning in 1991, all subcontractors will use the procedures that are covered in this SOP. 

By applying these techniques and procedures, it will be possible to standardize the logging of 

alluvial and bedrock materials. In addition, the number of errors and the amount of relogging 

will be reduced. This will allow lithologic descriptions to be compared from year to year and will 

enable the environmental management staff on the Rocky Flats Plant (RFP) site to make 

interpretations based on reliable data. 

(401 l-REV)(GTlREV.l)(OS/l1/91) 
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On the RFP site, "alluvial material" includes alluvium, colluvium, fil, and agronomic soils. 

Samples of alluvium, colluvium, f 4  and agronomic soils are to be classified and described using 

the Unified Soil Classification System (U.S.C.S.) and enhanced by Item 10.1 in ASTM D2488, 

"Description and Identification of Soils (Visual-Manual Procedure)." Bedrock material, regardless 

of the degree of weathering, is to be classified and described by using many of the procedures and 

techniques described in Compton's "Manual of Field Geo1og)r (1962), which has been 

incorporated with additional material in this SOP. 

3.0 RESPONSIBILTIlEs AND QUALIFICATIONS 

The EG&G project manager has the overall responsibility for implementing this SOP. The 

subcontractor's project manager will be responsible for assigning project staff to implement this 

SOP and for ensuring that the procedures are followed by all subcontractor personnel. 

All personnel performing these procedures are required to have the appropriate health and safety 

training as specified in the site-specific Health & Safety Plan. In addition, all personnel are 

required to have a complete understanding of the procedures described within this SOP and 

receive specific training regarding these procedures, if necessary. 

Only qualified personnel will be allowed to perform these procedures. Required qualifications 

vary depending on the activity to be performed. In general, qualifications are based on education, 

previous experience, on-the-job training, a d  supervision by qualified personnel. Personnel who 

log alluvial boreholes must study the RFP Alluvial Reference Set that contains examples of all 15 

sample classifications within the U.S.C.S. System. Personnel who log bedrock boreholes must be 

qualified geologists or geologic engineers, who have received special permission to log bedrock 

holes. All of the loggers must study the Core Reference Set that contains 15 representative 

samples of the stratigraphic section in the RFP area. In addition they must also study the Alluvial 

Reference Set. These reference sets are used as training guides to help ensure consistency among 

(401 1-REV)(CnREV.1)(09/11/91) 
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logging geologists. The subcontractor’s project manager will document personnel qualifications 

related to this procedure in the subcontractor’s project Quality Assurance (QA) files. 

All project staff are responsible for reporting deviations from this SOP to the individual‘s project 

manager. The subcontractor’s project manager will report deviations and nonconformances to 

the EG&G project manager. 

When field conditions require deviations from the SOP or SOPA, a Procedural Change Notice 

(PCN) will be authorized by an EG&G EMD logging supervisor. An EG&G EM Department 

Administrative Procedure outlines the PCN approval process. 

4.0 REFERENCES 

4.1 SOURCE REFERENCES 

ASTM. Method for Particle - Size Analvsis of Soils: Soil and Rock Dimensions. Stone and Geo- 

Svnthetics. Vol. 04.08. Sec. D422. 1989. 

ASTM. Practice for DescriDtion and Identification of Soils for Eneineering PurDoses (Visual- 

Manual Procedures): Soil and Rock Dimensions. Stone and Geo-Synthetics. Vol. 04.08. Sec. 

D2488. 1989. e 

Blatt, H., Middleton, G., Murray, R. Ori& of Sedimentarv Rocks. Prentice-Hall. 1972. 

Compton, Robert R. Manual of Field Geology. John Wiley & Sons, Inc. 1962. 

Harlan, R.L., Kolm, K.E., Gutentag, E. D. Water-Well Design and Construction. Development 

in Geotechnical Engineering, #60. Elsevier. 1989. 

(401 l-REV)(CTIREV.1)(CO/1I /91) 
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Krumbein, W.C., Pettijohn, FJ. Manual of Sedimentarv Petroeravhy. Appleton-Century-Crofts. 

1966. 

Unified Soil Classification System. Avuendix A: Characteristics of Soil GrouDs Pertaininp to 

Embankments and Foundations. AvDendix B: Characteristics of Soil Grouvs Pertaining to Roads 

and Airfields. (U.S.) Army Engineer Waterways Experiment Station. Vicksburg, MS. 1960. 

5.0 CLASSIFICATION/DESCN 

5.1 UNIFIED SOIL CLASSIFICATION SYSTEM (US.CS) 

The U.S.C.S. classification system will be used at RFP. The U.S.C.S., as used in this SOP, has 

been modified from the Army Corps of Engineers' Technical Memorandum No. 3-357, "The 

Unified Soil Classification System" (1960). The liquid limit, dilatancy, and dry strength are not 

included because they are neither practical to do in the field nor applicable to hydrogeologic 

logging. A reprint of the U.S.C.S. is enclosed in Appendix GT.lA. 

5.1.1 Basis of ClassiGcalion -. . 

The U.S.C.S. historically has been used to classify "soils" based on their textural properties, liquid 

limit, and organic content. In the past the term "soil" has been used by engineers as a catchall 

term that includes all unconsolidated material. Because engineers are concerned with how the 

soil behaves as a construction material, this all-inclusive approach has served them quite well. 

However, in this SOP, the U.S.C.S. will be applied only to alluvium, colluvium, fill, and agronomic 

soils. This has been done to separate unconsolidated cover material from bedrock that has well- 

defined sedimentologic and depositional patterns, regardless of the degree to which the bedrock 

has been weathered. In the RFP area, it is more important to determine the possible paths of 
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5 . u  

5.1.2.1 

groundwater movement based on geologic processes than it is to determine the engineering 

properties of weathered bedrock based on its physical behavior. 

Texture 

Grain Size Scale 

The U.S.C.S. has a grain size scale that is divided into four main categories: (1) cobbles, (2) 

gravel, (3) sand, and (4) fines. The gravel, sand, and fines are subdivided into coarse and fine 

gravel; coarse, medium, and fine sand; and silt and clay. 

Table GT.l-1 is a summary of the U.S.C.S. grain size scale as well as the Wentworth, Atterberg, 

and U.S. Department of Agriculture grain size scales (Krumbein and Pettijohn 1966; and 

Compton 1962). 

Neither the U.S.C.S. nor the US. Department of Agriculture grain size scales have a common 

base. However, both the Wentworth and the Atterberg grain size scales are geometric series with 

a base of 2 and 10, respectively. 

Finally, it should be noted that the division between sand and silt varies from scale to scale. This 

makes it somewhat difficult to compare the U.S.C.S. grain size analyses with analyses based on 

other scales. Most geotechnical laboratories show only the U.S.C.S. grain size ranges on the 

graph paper. Figure GT.l-1 is a modified graph that shows both the U.S.C.S. and Wentworth 

grain size ranges. ASTM D422, "Particle-Size Analysis of Soils," should be used to perform the 

grain size analyses but should be modified to include a 230 sieve. 
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TABLE GT.l-1 

Grain Size Scales (rnillimeter[mm]) 

U.S.C.S. 

> 76.2 

- 

76.2-19 

- 

194.76 

Wentworth Atterberg 

m m  

Component 

Cobbles 255-64 

64-32' 

32-14' 

16-8' 

84' 

V.C. Gravel 

C. Gravel 

M. Gravel 2&2' 

F. Gravel 

Granule 

V.C. Sand 

C. Sand 

M. Sand 

F. Sand 

V.F. Sand 

)I <.074 0.0625-0.0039 0.024.002 I 0.054.002 Silt 

I1 - < 0.0039 e 0.002 I <.002 Clay 

11 Variable Base2 I Base10 - Variable I 
'Pebbles 

(401 I-REV)(GnREV.1)(09/1I/91) 
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It is important to mention that a degree of error is inherent between all versions of grain size 

estimates made in the field and those that are made in the laboratory. The field data are based on 

volumetric (visual) estimates while the laboratory data are derived from weight measurements. In 

addition, it must be stressed that sieves and grain size charts should be used regularly whenever 

estimates are being made. 

5.122 Graded Material 

The concept of graded material is used to describe the number of grain size ranges that are present 

within the central portion (approximately 80 percent) of the grain size distribution for samples with 

less than 5 percent fines (silt and clay). If a sample contains predominantly one or two grain- size 

ranges (such as medium and fine sand), it is poorly graded and has a symbol (P). If a sample 

contains several grain size ranges (such as fine gravel, coarse sand, medium sand, and fine sand), 

it is well graded and has a symbol 0. 

Field values may be checked after the grain size analyses have been calculated and plotted. The 

uniformity coefficient is a useful value that may help determine whether a gravel or a sand is well 

graded. The formula for the uniformity coefficient is: 
*. .. 

where the D values are read directly from the grain size plots and represent the amount of material 

that is finer by weight. Well-graded gravels have a value greater than 4, and well-graded sands have 

a value greater than 6. 

I (4011-REV)(GTlREV.l)(03/11/91) 
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5.13 FddEdmates of Plasti* 

The plasticity characteristics of fine-grained alluvium or the fine fraction of a coarse alluvium should 

be determined per the procedures covered in the U.S.C.S. (Appendix GT.IA). The following 

paragraph and paragraph excerpts are taken from the U.S.C.S in Appendix GT.IA: 

"Particles larger than about the No. 40 sieve size are removed (by hand), and a specimen of soil 

about the size of a l/Zinch cube is molded to the consistency of putty. If the soil is too dry, water 

must be added, and if it is sticky, the specimen should be spread out in a thin layer and allowed to 

lose some moisture by evaporation. The sample is rolled by hand on a smooth surface or between 

the palms into a thread about 1/8 inches in diameter. The thread is then folded and rerolled 

repeatedly. During this manipulation, the moisture content is gradually reduced and the specimen 

stiffens, finally loses its plasticity, and crumbles when the plastic limit is reached. After the thread 

crumbles, the pieces should be lumped together and a slight kneading action continued until the 

lump crumbles. The higher the position of the soil above the 'A' line on the plasticity chart. . . the 

stiffer are the threads as their water content approaches the plastic limit and the tougher are the 

lumps as the soil is remolded after rollii." 

5.13.1 LowPIastidty 

Alluvial samples with a low plasticity "form a weak thread and. . . cannot be lumped together into 

a coherent mass below the plastic limit." - 

5.132 Medium Plastiaty 

Alluvial samples with a medium plasticity "form a medium tough thread (easy to roll) as the plastic 

limit is approached but when the threads are formed into a lump and kneaded below the plastic 

limit, the soil crumbles readily." 
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5.1.4 

High Plasticity 

Alluvial samples with a high plasticity form a stiff thread "as their water content approaches the 

plastic limit and the tougher are the lumps as the soil is remolded after rolling." 

US.CS. Sample Classi6cation 

The sample classifications of the U.S.C.S. are illustrated in Figure GT.l-2. In order to classify 

alluvium, colluvium, fa and agronomic soils, it is necessary first to estimate the percent of all the 

grain size ranges in the sample and determine the plasticity of the h e s  if they comprise more than 

50 percent of the sample. With this information, enter Figure GT.l-2 from the left and progress 

to the right matching the textural, plasticity, and organic characteristics of the sample. 

The progression through Figure GT.l-2 is an "if/then" sequence of decisions that ultimately leads 

to the proper sample classification. Two examples follow 

0 Example 1: Seventy-five percent of the material is greater than the No. 200 

sieve; 53 percent greater than the No. 4 sieve (gravel); 22 percent 

is sand; and 25 percent is frnes (10 percent silt and 15 percent 

clay). The proper classification for this sample is a clayey gravel 

with some silt and sand (GC). 

0 Example 2 Eighty-five percent of the material is smaller than the No. 200 

sieve; 5 percent is gravel; 10 percent is sand; 30 percent is silt; 

and 55 percent is clay that has a low to medium plasticity. The 

proper classification for this sample is a silty clay with a trace of 

gravel and some sand (CL). 
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SOIL TYPES 

Major 
Divisions 

Gravely 
Soils I Coarse 

Grained 
Soils 

of w . 5 e  frac- 
tion remined 

no. 4 sieve 

Sandy 
Soils 

More than 50% 

of material is I 

’ (< 5% 
fines) 

Gravels 
wif h 
Fines 

(> 12% 
lines) 
Clean 
Sand 

Sands 

200 sieve size 

Note: Dual Symbds are used to indicae borderline soil-dassifications 

Aore than 50% 

1 material is 

maller than no. 

00 sieve sue 

- 
0 L 

CI z z  Q) Description 1 6 -  
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Sample descriptions should be made in the following order: 

Main textural classification With modifiers 

Color 

Grain size 

Grading 

Angularity (ASTM D2488) 

Plasticity 

Composition 

Bedding 

Moisture content 

Top of bedrock, if present 

5.15 Problems With the US.CS. 

The following are problems that are intrinsic to the U.S.C.S. An obvious problem with the U.S.C.S. 

is that a change of one or two percent in coarse or fine material on either side of the 50 percent 

boundary may cause the sample classification to vary considerably. For example, a clayey gravel 

(GC) or a clayey sand (SC) could easily change to a gravelly clay or a sandy clay with low plasticity 

(CL) or a sandy clay with high plasticity (CH). Clearly a classification system that is this sensitive 

is subject to errors, especially in the field. 

Another problem is that it is all but impossible to determine a liquid limit'in the field. For the 

purposes of this SOP, the liquid limit has been replaced by field estimate of plasticity (see Sub- 

section 5.1.3). 

The U.S.C.S. also lacks the textural property of angularity that helps to determine the maturity of 

a sediment. 

1 
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Fiially the U.S.C.S. is a purely descriptive classification that has been designed for construction 

purposes and concentrates heavily on the physical properties of clay. Because of this, the U.S.C.S. 

has 15 sample classifications and is very cumbersome. 

5 2  

521 

BEDROCK DESCRIPTIONS 

All bedrock material should be classified and described by using many of the procedures and 

techniques described in Compton (1962), which has been incorporated with additional material in 

this SOP. 

Basis of chssification 

Compton classifies sedimentary rocks on the basis of their texture, fabric, and composition. Rock 

descriptions such as conglomerate, sandstone, siltstone, and shale (claystone and mudstone) are 

textural classifications based solely on grain size. When other properties like sorting, roundness, 

bed thickness and contacts, cross-stratification, color, composition, cement, porosity, and fossil 

content are included, it is possible to make interpretations of where, how, and under what 

conditions the sediments were deposited. 

5.2.2 

5 2 2 1  

Textural Parameters 

Grain Size Scale 

The Wentworth grain size scale is divided into six main categories: (1) cobbles, (2) pebbles, (3) 

granules, (4) sand, (5 )  silt, and (6) clay. The pebble and sand categories are subdivided into very 

coarse, coarse, medium, and fine pebbles; and very coarse, coarse, medium, fine, and very fine sand 

(see Table GT.l-1). The scale is a geometric series with a base of 2. 

(401 l-REV)(GTlREV.l)(DJ/ll~l) 
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Unlike the U.S.C.S. in which the sand/& boundary occurs at 0.074 mm, the sand/silt boundary 

occurs at 0.0625 mrn in the Wentworth scale. Since geotechnical laboratories generally plot grain 

size analyses on graph paper that is compatiile with the U.S.C.S., it is important to ensure that they 

also include the range of Wentworth grain size intervals on the graph paper (Figure GT.l-1). 

5 2 2 2  D e e r r e e o f S o h  

Sorting is a measure of the extent to which a sediment has been winnowed or reworked during 

transport. It also is a good indicator of the maturity of a sediment, the energy of the transporting 

agent, and the environment of disposition. 

In order to determine the degree of sorting, Compton (1%2) states, "an estimate is made of the 

range of grain sizes that include the bulk (here 80 percent) of the detrital materials." It is then 

necessary to count the number of size ranges that are contained in the 80 percent sample (see Table 

GT.l-1). The number of size ranges is then compared with Figure GT.l-3 to determine the degree 

of sorting that describes the sample best. 

5 2 2 3  Degree of Rounding 

Rounding is a measure of the amount of abrasion a grain has undergone. However, it is not 

generally used to describe sediments that are much finer than sand, because grains finer than sand 

tend to have elastic collisions that do not affect the shape of the grain. Two properties that must 

be considered when estimating the degree of rounding are (1) the composition and (2) the original 

shape of the grain. Rounding, like sorting, is a measure of the maturity of a sediment. The shapes 

shown in Figure GT.l-4 should be used to estimate the degree of rounding of individual grains. 

I (401 1-REV)(GTlREV.l)(crJ/11/91) 
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FIGURE 6T.1-3 
Tamstocdegreesdsorting. The numbers hdlcateb numberdsizedassss 
k d u d d  by the great bulk (SO percent) of the material. The dram'ngs represent 
sandstonesasseenwi!h ahand lens. su1andday-sizematerhtsareshawn 
diagramatically by the fine stipple. T W  frun Conpan, 1962. 

very Sub- Sub- Well 
w r u r w -  wy- r o u n a e d c l a r n Q d ~  

FIGURE CT.14 
Tmfordegree of rarnding grains as been m a  hand kns. AtteCeoWerr. 
M. C.. 1953, 'Journal of Sedimentary Pmlog)r. v. 23. p. 118. Cwnesy of the 
Soaery of Economic Paleontologists and Minefalogis. Taken trom Compton. 1962. 
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5224 Porosity 

Porosity is not always an easy property to estimate in the field because the bedrock can be 

drastically altered during d r i i g  and coring as well as by weathering. Generally, samples exhibit 

more porosity than the rock actually contains. 

Porosity should be expressed as a percentage. An accurate estimate is important because the 

amount of porosity can give a general indication of the permeability of a rock. 

523 Estimate of Abundance 

Figure GT.l-5 is composed of several drawings that represent the field of view commonly seen 

through a microscope or hand lens. Each circle contains a number of black areas. Below each 

circle is the actual percentage of black area that the circle contains. All loggers should review 

Figure GT.l-5 until they are adept at estimating the percentages that are contained in the circles. 

523.1 Division of Abundance 

Quite often it is necessary to determine the relative abundance of a variable. In these cases, the 

use of the terms trace, some, and abundant has a utility. The ranges for each are given in Table 

GT.l-2. 

I (4011-REV)(GTlREV.l)(D)/11/91) 
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TABLE GT.l-2 
RANGE OF ABUNDANCE 

Division 

Trace 
Some 
Abundant 

Ranee of Percent 

>O to 5 
6 to 25 
26 to loo 

These terms generally follow a "with" statement; such as, Sandstone; light olive gray (5Y6/1), very 

fine to fine grained, with a trace of carbonaceous material. 

5 2 4  Color 

Color can convey a great deal of information. It helps to identify the components of the sediment 

or rock as well as the cement. In addition, color can provide a fairly accurate idea of the current 

chemical environment from which the sample was taken. For example, at RFF', highly weathered 

(oxidized) sandstones are commonly brownish-orange while unweathered sandstones are light olive 

grey. 

To ensure that the color descriptions are accurate and standardized, each sample should be 

described while it is wet by using the Geological Society of America "Rock-Color Chart" (1984). 

If the sample has dried, it should be moistened with clean water from a squirt bottle. Care should 

also be taken to remove sunglasses when a color determination is being made. 
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Clastic rocks are primarily classified on the basis of their most frequent grain size. The majority 

of rocks at RFP are claystone, siltstones, and sandstones; however, hybrids of these end members 

are quite common. The second and sometimes third most frequent constituents act as modifiers 

and precede the major rock name in the description; such as, silty sandstone or clayey siltstone. 

If, however, a rock is composed of 80 percent or more of one constituent, then it should be 

described solely as that rock type. The secondary textural modifiers should then be described in 

the description following a "with statement. Figure GT.l-6 shows all the rock classifications and 

their lithologic symbols that should be used while logging bedrock samples. 

52.6 Cement 

The nature of the cementing medium should be described whenever possible. Typical cementing 

agents are clay (argillaceous cement), silica, and calcium carbonate (caliche). 

52.7 Friability 

The tendency of a rock to crumble is related to how well it is cemented and the extent to which it 

has been weathered. Table GT.l-3 shows the degree of friability. 
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Highly Friable 

Moderately Friable 

Slightly Friable 

Non-Friable 

TABLE GT.l-3 

DEGREE OF FRIABILITY 

Definition 

Crumbles readily into individual 
grains upon minor disturbance 

Will crumble into individual grains 
with extensive rubbing 

Can be broken into individual grains 
by scraping it with a pocket knife 

Cannot be broken into individual 
grains by any of the methods 
described above 

52.8 Composition 

It is not the objective of this SOP to class@ sedimentary rocks on the basis of their mineral content 

by using tertiary diagrams with quartz/chert, feldspar, and lithic fragments at each pole. Since 

Compton wrote the "Manual of Field Geology" in 1962, several classifications have been published. 

Two of the most widely used classifications are those published by Earl McBride in 1963 and Robert 

Folk in 1974. Blatt, et al., (1972) presents an excellent evaluation of these and other classifications. 

For the purpose of this SOP, the geologist $ concerned with describing only accessory minerals, 

fossils, axid other components that distinguish one rock from another. The descriptive term(s) 

should follow a "with" statement; such as, silty sandstone; light olive grey (5Y6/1), very fine grained, 

with some pink feldspar rock fragments. 
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52.9 MdingandInternalStructure 

In sedimentary rocks, bedding is related to differences in texture, composition, and color, and 

reflects changes in the environment of deposition and/or the source material. Depending on the 

depositional processes that are involved, bedding boundaries may or may not represent a specific 

moment in time. 

Compton classifies bedding as repeated sequences of beds, shapes of individual beds, and cross- 

bedding (cross-stratification). Repeated bedding is produced by cyclic changes in the sedimentary 

processes. Individual bed shapes are classified as tabular, lenticular, h e a r ,  wedge-shaped, or 

irregular. Cross-stratification is classified on the basis of its external and internal characteristics. 

External forms of cross-stratification are tabular, wedge shaped, and trough shaped. Internal 

descriptive terms that are commonly used are graded, massive, laminated, and tangential (Figure 

GT.1-7). Other internal features not related to bedding are ripple marks, flow structures, burrows 

and tubes, load casts, and desiccation cracks (mud cracks). 

5210 Fractures and Slickensides 

Fractures should be described whenever they are present. Fractures occur naturally in bedrocks and 

should not be confused with breaks induced by coring and handling. The characteristics that should 

be noted about the fracture are: 

0 Whether the fracture is opened or healed 

The composition of the material filling the fracture, if any 

The angle of the fracture from the horizontal 

The apparent displacement of bedding across the fracture 

Whether slickensides are present and the angle of any striations from the 

0 

0 

0 

0 

horizontal 
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cross-bedded M. (4 T.krlar aets wth d&gtmal partems. (B) Wedge sets, 
M n g  considerable efosion bewen oach set (C) Tabrdar b~ k m h h  sets 
wtm tangential patterns; typically. these are bmimted marine beds. 
(0) Symetrical trough sets whh distinctly linear axes: typlcaily. meSe are 
kw+scakflwhlfeaturcs.Thesmms(nd(catocumdirections. 
Taken from Comptcm. 1962. 

Various beds and sotsofbeds.Tpkenkom Compsn. 1962, 
BEDDING AND INTERNAL STRUCrmRES 
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52l . l  MoistureContent 

The core should be described as dry, moist, or saturated, and the depth to the top of the 

saturated interval should be recorded. If a static water level can be measured, it should 

be noted also. 

5212 Lithologic Description 

Lithologic descriptions should be made in the following order: 

0 

0 

0 

0 

0 

0 

0 

6.0 UXiGING 

Main rock type with modifiers 

Color 

Grain size 

Degree of sorting 

Degree of rounding 

Porosity 

Cement 

Friability 

Composition 

Bedding and internal structure 

Fractures and slickensides 

Moisture content 

Top of bedrock, if present 

This section describes the field procedures used while logging. 
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It is the responsibility of the logging personnel to ensure that all of the materials and equipment 

needed for logging are at the site. 

The following is a list of equipment that is necessary to properly log the alluvial and bedrock 

material. 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Core Reference Set 

Alluvial Reference Set 

Rock-Color Chart 

Logging forms 

Hand lens 

Nos. 4, 40, 200, and 230 sieves (&inch) with lid and base 

Six-foot metal measuring tape in tenths of a foot 

Core boxes (2 feet long, 5 columns each 2-1/2 inches wide) (such as, Boise 

Cascade No. 17-505 top and bottom) 

Wood blocks (2-1/2 inches x 3/4 inches) for marking depths and sample locations 

Jars for cuttings 

Wentworth and/or Amstrat grain size charts 

Knife 

Acid (10 percent Hcl) in squirt bottle 

Water in squirt bottle 

Markers (black, waterproof) 

Protective clothing and equipment (see Health & Safety Plan) 

Pens (black, waterproof) 

Flashlight 
0 Hammer 
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62 

621 

6.2.2 

Clipboard 

Table 

Duct tape 

Paper towels 

Plastic wrap 

Protractor 

Camera (35 mm) with film (Kodak color patch) 

Flat-bladed screwdriver 

Awl 

CORESANDCUTITNGS 

Scanning the Core 

After an interval of core has been cut and the sampler has been opened, the core will be scanned 

for hazardous and radioactive contamination. The field use of monitors for the detection of volatile 

organics and radionuclides is discussed in SOPS F0.8, Handling of Drilling Fluids and Cuttings; 

F0.15, Photoionization Detectors (PIDs) and Flame Ionization Detectors (FIDs); and F0.16, Field 

Radiological Measurements. Once the core has been scanned, it will be handled in accordance with 

the Health and Safety Plan. See Section 6.3, Core Boxes for a discussion on isolating core sections 

that are suspected of containing radioactive and/or hazardous substances. 

Percent Recovery 

The core should be consolidated in the sampler, measured to the nearest tenth of a foot, and if 

competent, etched with two parallel lines using an awl and a flat-bladed screwdriver. The awl line 

will be etched on the left side of the core, for the entire length of the core. The screwdriver line 

will be etched on the right side of the core, for the entire length of the core. These etched lines 
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denote the "up" position. All competent core will be etched with enough pressure so the lines are 

readily visible, but not with enough pressure so the core's features are obliterated or altered. Once 

etched, the core will be slid out onto the plastic wrap that has been placed in the core box 

Measurements and the interval that was cut, should be recorded on the logging form. Figure GT.1- 

8 is an example of a completed logging form. Wood blocks with footage values marked on them 

in black waterproof ink should be placed at each end of the core. If only cuttings were collected, 

a representative sample should be collected every 2 feet, and this sample should be placed in a 

labeled jar in the core box. 

If the core or drill cuttings are logged at a separate location removed from the drill site, the first 

four columns of the Logging Form (Figure GT.l-8) will be filled out in the field and enclosed in 

the core box. The generalized description of lithologies and depth to water table should be noted 

on the back of the form. 

The core or cuttings should be logged according to all of the procedures previously covered in this 

SOP. 
I -... 
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6 2 4  Photographing the Core 

A n y  and all photographing procedures must conform to plant security controls. Each box of core 

should be photographed with a 35 mm camera after it has been logged and before the core is 

sampled. If the core is photographed at RFP, the camera will have to be cleared and left on site 

until the project is completed. In addition, all of the film must be processed by RFP. An 

identification tag and a Kodak color patch should appear in each photograph. The identification 

tag should contain: 

0 The well name 

0 Footage values of the core in the box 

The box number of the total number of boxes for that borehole, such as 0 

Box 1 of 7 
0 Date core was taken 

0 Project number 

625 Sampling 

Samples that are taken for grain size analyses and permeameter tests should be removed only after 

the core has been logged and photographed. At the time a sample is taken, a wood block with the 

following information must be placed in the core box at the point the sample was removed: 

0 Sample number 

0 Depth 

0 Purpose 

0 Company 

0 Date 

This information should be marked on the wood block with a black waterproof marker. 

(401 I-REV)(GTIREV.1)(03/11/91) 
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63 COREBOXES 

The core boxes should be similar to the boxes described in Subsection 6.1 above. Each core box 

and lid should be marked with the following information: 

0 Well name 

0 Depth interval 

a Date 

a Project number 

0 Logger's initials 

0 Appropriate hazardous waste labels 

0 Box number and the total number of boxes 

After samples have been containerized, the core will be scanned as discussed in Subsection 6.2.1. 

Sections of the core suspected of containing radioactive and/or hazardous substances will be 

removed, segregrated by their potential contaminant characterization, and placed in core boxes 

designated for potentially contaminated core. The remaining core will then be placed in separate 

core boxes. Wood blocks will be placed within the core boxes to indicate the position where 

potentially contaminated core sections were removed. Blocks will be marked with the interval of 

the core section removed and where the section can be located. 

The core boxes will then be sealed with duct tape. Core boxes suspected of containing low-level 

radioactive substances will be labeled with a "White I" radioactive label. Core boxes suspected of 

containing volatile organic or mixed substances will be labeled with a Department of Transportation 

"Other Regulated Material Class E (ORM-E) label (see SOP FO.10, Receiving, Labeling, and 

Handling Environmental Materials Containers). If the suspected contamination is mixed substances, 

the core box will also be marked with the words "SUS RAD" for suspected radioactive 

contamination. 
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Core boxes suspected of containing radioactive and/or hazardous substances will be stored in a 

facility designated for potentially contaminated core. All other core boxes will be stored at the main 

core storage facility at RF'P. 

7.0 DOCUMENTATION 

A permanent record of the implementation of this SOP will be kept by documenting all information 

required by the SOP on the Borehole Log Form (Form GT.IA). Drilling activities will also be 

documented on the hollow-stem auger or rotary and core drilling Field Activities Report Forms (see 

SOP GT.2, Drilling and Sampling Using Hollow-Stem Auger Techniques, and SOP GT.4, Rotary 

Drilling and Rock Coring). 

The logger will primarily be responsible for each aspect and each procedure. 

I (1011-REV)(GTlREV.1)(09/11/91) , 

I 
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Preface 

The purpose of t h i s  manual i s  t o  descr ibe and explain the use of 

the  "Unified S o i l  C la s s i f i ca t ion  System" i n  order  t h a t  i d e n t i f i c a t i o n  

of s o i l  types w i l l  be on a common basis throughout the  agencies us ing  

t h i s  system. 

The program of m i l i t a r y  a i r f i e l d  construct ion undertaken by the 

Department of the  Army i n  1941 revealed a t  an e a r l y  s tage t h a t  e x i s t i n g  

s o i l  c l a s s i f i c a t i o n s  were no t  e n t i r e l y  appl icable  t o  the work involved. 

I n  1942 the  Corps of Engineers t e n t a t i v e l y  adopted the  "Air f ie ld  

Class i f ica t ion"  of s o i l s  which had been developed by D r  . Arthur 

Casagrande of t he  Harvard Universi ty  Graduate School of Engineering. 

A s  a result of experience gained s ince  that time, the  o r i g i n a l  classi-  

f i c a t i o n  has been expanded and rev ised  i n  cooperation with the Bureau 

of Reclamation s o  t h a t  it appl ies  not  only t o  a i r f i e l d s  b u t  also t o  

embankments, foundations, and other  engineering fea tures .  

Acknowledgment i s  made t o  D r .  Arthur Casagrande, Professor  cf 

S o i l  Kechanics and Foundation Engineering, Harvard University,  f o r  

permission t o  incorporate i n  t h i s  manual considerable information frm 

the  paper "Class i f ica t ion  and Iden t i f i ca t ion  of Soi l s"  published in 

Transactions,  American Society of C i v i l  Engineers, volume U3, 1948. 

This manual w a s  prepared under the d i r e c t i o n  of the  Office,  Chief of 

Engineers, by the  S o i l s  Division, Waterways Experiment S ta t ion .  
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UNIFIED S O I L  C M S I T I C A T I O N  SYSTEM 

' I n t r  cduc t i on 

Need fo r  a c l a s s i f i ca t ion  svstem --. 
1. The adoption of the pr inc ip les  of s o i l  mechanics by the engi- 

neering profession has inspired numerous attempts t o  devise .a simple 

c l a s s i f i c z t i o n  system t h a t  w i l l  t e l l  the engineer t h e  properties of a. 

given s o i l .  

ecce based on ce r t a in  properties of s o i l s  such as texture,  p l a s t i c i t y ,  

. 

As a consequence, many c l a s s i f i c a t i o n s  have come in to  e x i s t -  

:? strength,  and other ckarac te r i s t ics .  A few c l a s s i f i c a t i o n  systems have 

gained f a i r l y  wide acceptance, but it i s  seldom t h a t  any pa r t i cu la r  sys- 

t e a  has provided the ccniplete information on a s o i l  t h a t  the  engineer 

needs. Nearly every engineer who prac t i ces  s o i l  mechanics w i l l  add 

judgment and personal experience as modifiers t o  whatever s o i l  c l a s s i f i -  

cation system he uses, so t h a t  it may be said t h a t  t he re  are as many 

c l a s s i f i c a t i o n  systems 8s there are engineers using them. 

within a given agency, where designs and plans a re  reviewed by persons 

Obviously, 

e n t i r e l y  removed frcm a project,  a-common basis of s o i l  c l a s s i f i ca t ion  is 

necessary s o  t h a t  when an  engineer c l a s s i f i e s  a s o i l  as a ce r t a in  type, 

t h i s  c l a s s i f i c a t i o n  w i l l  convey t o  another engineer not familiar with the 

region the  proper chsrac te r i s t ics  and behavior of the material. Further 

than t h i s ,  t he  c l a s s i f i cz t ion  should r e f l e c t  those behavior characteris-  

t i c s  of the  s o i l  t h a t  are pertinent t o  the  pro jec t  under consideration. 

B a s i s  of the  unified s o i l  
c l a s s i f i c a t i o n  system 

2. The unified s o i l  c l a s s i f i ca t ion  system is based on the 
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identification of soils according to their textural and plasticity quali- 

ties and on their grouping with respect to behavior. 

nature separately as sand, vevel, or any other single component, but 

are usually found as mixtures with varying proportions of particles of 

different sizes; each component part contributes its characteristics to 

the soil mixture. 

those characteristics of the soil that indicate how it will behave as an 

engineering construction material. 

found most useful for this purpose and form the basis of soil identifica- 

tion. 

Soils seldom exist in 

The unified soil classification system is based on 

The following properties have been 

They can be determined by simple tests and with experience can be 

estimated with some accuracy. 

i.. - a. Percentages of gravel, sand, a d  fines (fraction passing 
No. 200 sieve). 

Shape of the grain-size-distribution curve. 

Plasticity and compressibility characteristics. 

. .  ... - 

b. - 
- c. 

In' the unified soil classification system the soil is given a descriptive 

name and a letter symbol indicating its principal characteristics. 
, .  

... - 
Purpose and scope of manual 

3. It is the purpose of this manual to describe the various soil 

groups in detail and to discuss thz methods of identification in order 

that a uniform classffication procedure may be followed by all who use 

the system. Placement of the soils into their respective groups is 

accomplished by visual examination and laboratory tests as a means of 

basic identification. This procedure is described In the main text of 

this manual. 

to their engineering behavior for various types of construction, such as 

The classification of the so'ils in these groups according 
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enbanlanents, foundations, roads, and a i r f i e l d s ,  is t rea ted '  separately i n  

appendices hereto which Kill be issued as the need ar ises .  It i s  rec- 

ognized t h a t  the unified classif icat ion system i n  i t s  p e s e c t  fo-rn z.ay 

not prove e n t i r e l y  adequate i n  a l l  cases. 

the c lass i f ica t ion  of s o i l s  i n  accordance with this'system have some de- 

However, it i s  intended t h a t  

gree of e l a s t i c i t y ,  and t h a t  the system not be followed blindly nor re -  

gwded as completely r igid. .  

Definitions of s o i l  components 

4. Before s o i l s  can be c lass i f ied  properly i n  any system, includ- 

ing the one presented i n  t h i s  manual, it i s  necessary t o  es tabl ish a 

basic terminology fcr the various s o i l  components and t o  define the t e r n s  

used. I n  t h e  unif ied s o i l  c lass i f icat ion the names "cobbles," "gravel," 

"sand," and "f ines  ( s i l t . o r  clay)" are used t o  designate the s ize  ranges 

of s o i l  par t ic les .  The gravel and sand ranges are f u r t h e r  subdivided 

into the groups presented below. The l imit ing boundaries between the 

var ious s ize  ranges have been a r b i t r a r i l y  s e t  a t  cer ta in  U. S. Standard 

sieve s i z e s  i n  accordance with the following tabulation: 

Component Size Range 

Cobbles , Above 3 in. 

Grave 1 3 i n .  t o  No. 4 (4.76 mm) 
3 in .  t o  3/4 in. 
3/4 in.  t o  NO. 4 (4.76 mm) 

Coarse gravel  
Fine gravel 

Sand No. 4 (4.76 mm) t o  No. 200 (0.074 m) 
Coarse sand No. 4 (4.76 mm) t o  No. 10 (2.0 m) 
Medium sand No. 10 (2.0 mm) t o  No. h.0 (0.42 zk) 
Fine sand No. 40 (0.42 mm) t o  No. 200 (0.074 mm) 

Fines ( s i l t  o r  clay) Below No. 200 (0.074 nun) 

These ranges a r e  shown graphically on the grain-size sheet, p la te  1. I n  
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the f i n e s t  s o i l  component (below No. 200 s ieve)  the terms "sil t"  and 

"clay" are used respectively t o  dis t inguish mater ia ls  exhibit ing lower 

p l a s t i c i t y  from those w i t h  higher p l a s t i c i t y .  The minus No. 200 sieve 

mater ia l  i s  "si l t"  if the l iqu id  lhit end p l a s t i c i t y  index-plot below 

the "A" l i n e  on the p l a s t i c i t y  char t  (p la te  2 ) ,  and i s  "clayr' i f  the 

l i q u i d  l i m i t  and p l a s t i c i t y  index p l o t  above the "A" l i n e  on the chart  

( a l l  Atterberg l i m i t s  t e s t s  based on minus N o .  40 sieve f rac t ion  of a 

s o i l ) .  The foregoing def ini t ion holds f o r  inorganic s i l t s  and clays 

and for  organic s i l t s ,  but i s  not va l id  f o r  organic clays since these 

lat ter s o i l s  p lo t  below the "A" l i n e .  The names of the basic s o i l  com- 

ponents can be used as nouns or adjectives i n  the name of a s o i l ,  as 

explained later. 

I The Classif icat ion System : 

5 .  

table 1, i s  presented i n  order t h a t  the succeeding de ta i led  description 

may be more e a s i l y  understood. 

A short  discussion of the unified s o i l  c l a s s i f i c a t i o n  sheet, 

.? 

This sheet is designed t o  apply gener- 

- a l l y  t o  the ident i f ica t ion  of soils regardless of the intended engineer- 

ing uses.  

major divisions of the c l a s s i f i c a t i o n  and the group symbols t h a t  d i s t i n -  

The f i r s t  three columns of the c l a s s i f i c a t i o n  sheet show the 

guish the indiyidual s o i l  types. Names of t y p i c a l  and 

s o i l  t y p e s  found i n  each group are shown in column 4. 

dures for  identifying s o i l s  by general charac te r i s t ics  

nent tests and visual observations a r e  s h a m  i n  column 

r epre sen ta t i ve 

The f i e l d  proce- 

and from p e r t i -  

5 .  The .desired 

descr ipt ive information f o r  a complete i d e n t i f i c a t i o n  of a s o i l  is pre- 

sented in colurrm 6 .  In  column 7 are presented the  laboratory 
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c lass i f ica t ion  c r i t e r i a  by which the various s o i l  groups are  ident i f ied 

and distinguished. 

sifj.i-ng s o i l s  frcn the resu l t s  of laborztory t e s t s .  

use of t h i s  chart  art discussed in greater d e t a i l  under a subsequenz 

Table 2 shows an auxi l iary schematic method of c las -  

The application ar,d 

heading i n  t h i s  manual. 

S o i l  grouas and moup symbols 

6. Ma.jor divisions.  Soils a re  pimarily divided i n t o  coarse- 

grained s o i l s ,  fine-grained so i l s ,  and highly organic s o i l s .  On a 

t ex tura l  basis,  coarse-grained s o i l s  zre those that have 50 per cent or 

less of the constituent material passing t h e  No. 200 sieve, and f ine-  

grained s o i l s  a re  those t h a t  have more than 50 per cent passing the 

No. 200 sieve. 

by v isua l  examination. 

gravel and gravelly s o i l s  (symbol G), and sands and sandy soils (sym- 

bol S). Fine-grained s o i l s  are  subdivided on t h e  basis  of the  l iqu id  

l i m i t ;  synbol L is used for s o i l s  with l iquid l i m i t s  of 50 and l e s s ,  

and symbol H for  so i l s  with l iquid limits i n  excess of 50 (see p la te  2 ) .  

Peat and other highly organic s o i l s  a re  designated by the symbol P t  and 

Highly organic soi ls  are  i n  general readi ly  ident i f ied  

The coarse-grained soils are  subdivided i n t o  

a re  not subdivided. 

7. Subdivisions, coarse-grained s o i l s .  I n  general pract ice  there 

is  no clear-cut boundary between gravelly s o i l s  and sandy s o i l s ,  and as 

f a r  as behavior is concerhed the exact point of divis ion i s  r e l a t i v e l y  un- 

important. For purposes of identification, coarse-grained s o i l s  are  

classed as g a v e l s  (G)  if the greater percentage of the coarse f ract ion 

(retained on No. 200 sieve) i s  larger  than the No. 4 sieve and as sands 

(S) if the greater portlpn of the coarse f rac t ion  i s  f i n e r  than the KO. '4 
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sieve.  Borderline cases may be c l a s s i f i e d  as belonging t o  both groups. 

The gravel (G) and sand (S) groups a r e  each divided i n t o  four secondary 

groups as follows: 

5. Well-graded material  with l i t t l e  o r  no f ines .  Symbol \,!. . 
Groups GW and SW. 

b. - Poorly-graded mater ia l  with l i t t l e  o r  no f ines .  
Groups G P  and SP. 

Symbol P. 

c.  Coarse material  with nonplastic f i n e s  or f i n e s  with low 
p l a s t i c i t y .  Symbol M. Groups GM and SM. 

- d. Coarse material  with p l a s t i c  f i n e s .  Symbol C .  Groups GC 
and S C .  

8. Subdivisions, fine-grained s o i l s .  The fine-grained s o i l s  are  

subdivided i n t o  groups based on whether they have a r e l a t i v e l y  low ( L )  

or  high ( H )  l iqu id  l imi t .  

follows : 

These two groups a re  fur ther  subdivided as 

- a. Inorganic si l ts  and very f i n e  sandy s o i l s ;  s i l t y  or  clayey 
f ine  sands; micaceous and diatomaceous soils; e l a s t i c  
si l ts .  Symbol M. Groups ML and MH. 

b.  Inorganic clays. Symbol C. Groups CL and CB. 

- c. Organic s i l t s  and clays.  Symbol 0. Croups OL and CH. 

z - 

*. . 

Discussion of Coarse-grained Soils 

G1.I and SW ~ T O U ~ S  

9. 'Ihese groups comprise well-graded gravel ly  and s&dy s o i l s  

having l i t t l e  or no nonplastic f i n e s  ( l e s s  than 5 per cent  passing the 

No. 200 sieve).  

the  strength charac te r i s t ics  of the coarse-grained f rac t ion  and must not 

i n t e r f e r e  with i t s  free-draining charac te r i s t ics .  

tains less than 5 per cent f ines  t h a t  exhib i t  p l a s t i c i t y ,  t h i s  

The presence of the f ines  must not noticeably change 

I f  the material con- 
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information should be evaluated and the s o i l  Classified as discussed sub- 

sequently under "Laboratory Identification." In areas subject t o  f r o s t  

action, t h e  materiel should not contain more than about 3 per cezt of 

s o i l  p a i n s  smaller than 0.02 mm in  s i z e .  Typical examples of GW and Sbl 

so i l s  are sham on p la te  3.  

GP and SP groups 

10. Poorly-graded gravels and sands containing l i t t l e  o r  no non- 

p las t ic  f ines  ( l e s s  than 5 per cent passing the No. 200 sieve) a r e  

classed i n  the GP and SP groups. The materials maybe classed as uniform 

gravels, uniform sands, or nonuniform mixtures of very coarse material  

and very f i n e  sand, with intermediate sizes lacking (sometimes called 

skip-graded, gap-graded, o r  step-graded) . 
fram borrow excavation i n  whichcgravel and sand layers are mixed. 

f ine  f rac t ion  exhibits p las t ic i ty ,  this information should be e n h a t e d  

The l a t t e r  group of ten r e su l t s  

If the ;- 

and the s o i l  c lass i f ied  as discussed subsequently under "Laboratory 

Identification." 
L 

Typical examples of various types of GP and SP s o i l s  

are  shown on plate  4. 

GM and SM WOUDS 

11. In general, the  GM and SM groups comprise gravels o r  sands with 

f ines  (more than IF per cent ,passing the No. 200 sieve) having low or  no 

plas t ic i ty . .  The p l a s t i c i t y  index and l iquid l i m i t  (based on minus No. 40 

sieve fract ion)  of s o i l s  i n . the  group should p lo t  below the "A" l i n e  on 

* In  the preceding two paragraphs so i l s  of the GW, GP, SW, and SP 
groups were defined as having l e s s  than 5 per cent passing the No. 200 
sieve. Soi ls  which have between 5 and 12 per cent passing the No. 200 
sieve are classed as "borderline" and are  discussed in paragraph 33 
under tha t  heading. 
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the  p l a s t i c i t y  char t .  

s i g n i f i c a n t  and both well-  and poorly-graded materials a r e  included. 

Sone of thc  sands and gravels i n  t h i s  group w i l l  have a binder cmposed 

The gradation of the  ma te r i a l s  i s  not considered 

of n a t u r a l  cementing agents,  so  proportioned t h c t  the  mixture shcwz neg- 

l i g i b l e  swelling o r  shrinkage. 

i s  provided by a small amount of s o i l  binder  or by cementation of c a l -  

careous mater ia l  or i ron  oxide. 

Thus the  dry s t r eng th  of such mater ia l s  

The f i n e  f r a c t i o n  of o ther  materials 

i n  the  GM and SM groups may be composed of 's i l ts  o r  rock flour types 

having l i t t l e  or  no p l a s t i c i t y  and the  mixture w i l l  e x h i b i t  no dry 

s t r eng th .  

p i a t e  5 .  

Typical exaqples of types of GM and SM s o i l s  a r e  shown cn' 

GC and SC WOUPS 

. 12. I n  Renera l , . the  GC and SC groups comprise grave l ly  or sandy . .  ... . . ,,. . -- . . .  
_ l i  

- 
jy :'. 

s o i l s  with f i n e s  (more than 12 per  cent  passing t h e  No. 200 s ieve)  which 

have e i t h e r  low or high p l a s t i c i t y .  The p l a s t i c i t y  index and l i q u i d  

l . imit  of s o i l s  ( f r a c t i o n  passing the  No. 40 s i e v e )  i n  the  group should 

p l o t  above the  "A" l i n e  on the p l a s t i c i t y  char t .  The gradation of the  

materials i s  not considered s ign i f i cen t  and both wel l -  and poorly-graded 

ma te r i a l s  a r e  included. 

inf luence on the behavior of the  soils than does va r i a t ion  i n  gradation. 

The f i n e  f r a c t i o n  is general ly  composed of c lays .  

GC and SC soils are shown on p l a t e  6. 

?i 

- .  

The p l a s t i c i t y  of the  binder  f r a c t i o n  has more 

Typical examples of 

Discussion of Fine-grained S o i l s  

LIL and MH groups 

13. I n  these groups the  symbol 14 has been used t o  designate 



I. 
predominantly s i l t y  materials and micaceous or diatmaceous soils. The 

symbols L and H represent l o w  and high liquid limits, respectively, and 

&E a r b i t r e r y  d i v i d i q  l ine between the two is s e t  a t  a l i q u i d  l i m i t  of 

50. 

or inorganic s i l ts  with relatively l o w  plast ic i ty .  

loess-type so i l s  and rock flours. Micaceous and diatomaceous so i l s  

generally fa l l  within the MH group but may extend into the ML group 

The so i l s  in the ML and MH groups are sandy s i l t s ,  clayey s i l t s ,  

Also Included are 

when the i r  l iquid limit i s  less  than 50. The same i s  true for certain 

types of kaolin clays and same i l l i t e  clays having relat ively low plas- 

t i c i t y .  

on plate 7. 

Typical examples of soi ls  i n  the ML and MEI groups are shown 

CL and CH ErOUDS 

14. I n  these groups the qmbol C stands for clay, with L and H 

9 

-. . 

denoting low or high l iqyid limit. 

clays. 

clays, sandy clays, or s i l t y  clays. The medium and high plast ic i ty  

The soi ls  are primarily inorganic 

Lar p las t i c i ty  clays are classified as CL and are usually lean 

clays are classified as CH, 

certain volcanic clays, and bentonite. 

United States cover a wide band In the CL and CH groups. 

ples of so i l s  in  these s o u p s  are shown on plate 8. 

OL and OH Proups 

These include the fa t  c h y s ,  -bo clays, 

The glacial  clays of the northern 

Typical exam- 

15.  The so i l s  in the OL and OH groups are characterized by the 

presence of organic matter, hence the symbol 0. Organic silts and clays 

are  classified in these moups. The materials have a plast ic i ty  range 

t h a t  corresponds with the ML and ME groups. 

OH so i l s  are presented on plate 9. 

Typical examples of OL and 
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Discussion of Highly OrRanic Soi l s  

P t  K r O U P  

16. The highly organic s o i l s  usually are very compressible a d  

have undesirable construction character is t ics .  They are not subdivided 

and are c lass i f ied  in to  one group with the  symbol Pt.  Peat, humus, and 

swamp s o i l s  with a highly organic texture a re  typ ica l  s o i l s  of the 

group. Par t ic les  of leaves, grass, branches, o r  other fibrous vegetable 

matter a re  common components of these so i l s .  

.i. 
,!. 

Ident i f icat ion of So i l  Groups 

. 17. The unified s o i l  c lass i f ica t ion  is so arranged that most s o i l s  

may be c lass i f ied  i n t o .  a t  least the three pri.nary a .  groups (coarse grained, 

f ine  grained, and highly organic) by means of visual examination and 

simple f i e l d  tests. 

mqde by visual examination with some degree ctf success. 

ident i f ica t ion  may be made by means of laborr:.tory tests on the materials. 

However, i n  many instances a tentat ive class..ficrition determined i n  the 

f i e l d  is  of great benefit  and may be a l l  the idex,.tification t h a t  i s  

necessary, depending on the purposes fo r  whi.ch th ,?  s o i l s  ;n  question are 

t o .  be used. 

. .  . . ... . .  

Classification i n t o  the subdivisions can also be 

More posit ive 
i'l' 

-. .. 

Methods .of general ident i f icat ion-  of s o i l s  are 'discussed 

i n - t h e  following paragraphs, and a laboratory t e s t ing  procedure is pre- 

sented. 

never en t i r e ly  separated. 

by visual examination, and i n  borderline cases it nay be necessary t o  

ver i fy  the c lass i f ica t ion  by laboratory tes';s. Conversely, the f i e l d  

It is  emphasized tha t  the two methods of ident i f icat ion are 

Certain charac te r i s t ics  can only be .estimated 
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. .  
I;.!.." . .  

. .  . .  
. .  
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methods are entii'ely prac t ica l  for  preliminary laboratory ident i f icat ion 

and may be used t o  advantage i n  grouping s o i l s  i n  such a manner tha t  

only a minimu nmber of laboratory t e s t s  need be run. 

General Identification 

18. Thc easiest  way of learning f i e l d  ident i f icat ion of soils i s  

Without such assistance, under the guidance of experienced personnel. 

f i e l d  idznt i f icat ion may be learned by systematically comparing the 

numerical test resu l t s  fo r  typical soils i n  each group w i t h  the "feel" 

of .the na te r i a l  while f i e l d  identification procedures a re  being performed. 

Coarse-grained soils 

19. Texture and composition. In f i e l d  ident i f icat ion of coarse- 

grained materials a dryjsample is spread on a f la t  surface and examined 

t o  determine gradation, grain s ize  and shape, and mineral camposition. 

Considerable experience is required t o  different ia te ,  on the basis of 

a visual examination, between well-graded and poorly-graded s o i l s .  

The durability of the grains of a coarse-grained s o i l  may require a 

c a r e m  examinztion, depending on the use t o  which the s o i l  is t o  be 

pu t ,  

t i f i e d .  

the re l a t ive  ease with which the grains can be crushed. 

sisting of weathered grani t ic  rocks, quartzite,  etc., a r e  not necessar- 

i l y  objectionable fo r  construction purposes. 

grained soils containing f r a p e n t s  of shaley rock may be unsuitable be- 

cause a l te rna te  wettlng and d r y i n g  may result in t h e i r  partial o r  com- 

p l e t e  disintegration. 

Pebbles and sand grains consisting of sound rock are eas i ly  iden- 

Weathered material is recognized from i t s  discolorations and 

Gravels con- 

On the other hand, coarse- 

This property can be ident i f ied by a slaking test, 
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The p a r t i c l e s  a r e  first thoroughly oven- or  sun-dried, then submerged 

i n  water f o r  a t  least 24 hours, and f i n a l l y  t h e i r  s t rength is  tes ted  

and compared w i t h  the or ig ina l  strength.  

p l e t e l y  d is in tegra te  when subjected t o  such a slaking t e s t .  

Some types of shales will COP- 

20. Examination of f ine  fract ion.  Reference t o  the ident i f ica t ion  

shee t  ( tab le  1) shows t h a t  c l a s s i f i c a t i o n  c r i t e r i e  of the various coarse- 

grained s o i l  groups are based on the mount of material passing the No. 

200 sieve and the  p l a s t i c i t y  c h a r a c t e i l s t i c s  of the  binder f r a c t i o n  

(passing the No. 40 sieve).  Various nethods may be used to estimate the 

percentage of material  passing the  No. 2C0 sieve; the choice of method 

w 5 l l  depend on the s k i l l  of the technician, the equipment a t  hand, and 

the time available.  One method, decantation, cons is t s  of mixing the 

. _  

s o i l  with water in a sui table  container and pourin,: o f f  that tu rb id  m i x -  
. .., z : t  t ! *  , I  

t u r e  of water and fine s o i l ;  successixe d e c a n t a t i o x  will'remove prac- 

t i c a l l y  all of the f i n e s  and leave only the sand and gravel sizes i n  the 

container.  
q. 

w i l l  give some idea of the anount of Pines present,  

A visua l  comparison of the residue with the or ig ina l  material  

Another useful  meth- 

- .  od is  t o  put  a mixture of s o i l  and w a t e r  i n  a tes t  tube, slake it thor- 

oughly, and allow the mixture t o  s z t t l e .  The coarze .?ar t ic les  w i l l  f a l l  

t o  the bottom and successively f i r . e r  p a r t i c l e s  w i 1 . -  be deposited with 

increasing time; the sand sizes w i l l  f a l l  o u t  of suspensiclz i n  20 t o  30 

seconds. If  the assumption is  made t h a t  t h e  soil weight 1s proportional 

t o  i t s  volume, this method may be used t o  estimate t h e  mount of f i n e s  

present.  

ing the  sample out on a l e v e l  swface and making a visua l  estimate of 

the percentage of f i n e  p a r t i c l e s  present.  

A rough estimate of tho: amount of fine: may be made by spread- 

The pr -sence  c1t' f i n e  sand can 



usually be detected by rubbing a sample between the fingers;  s i l t  o r  c lay 

par t ic les  f e e l  smooth and stain the  fingers,  whereas the sand feels g r i t t y  

and does not leave a s ta in .  The “ tee th  t e s t ”  i s  sometbes used f o r  t h i s  

purpose, and consists of b i t i n g  a portion of the saiiple between the 

teeth.  

s t i c k  t o  the tee th  while Eilt does not. 

Sand fee ls  gr i t tywhereas  s i l t  -and clay do not; c lay tends t o  

If there appears t o  be more 

than about I2 per cent of t h e  material passing the No. 200 sieve, the 

sample should be separated as wel l  as possible by hand, or by decanta- 

t i o n  and evaporation, removing all of the gravel and coarse sand, and 

the character is t ics  of the f ine  f rac t ion  determined. The binder i s  

mixed with water and i ts  dry  strength and p l a s t i c i t y  character is t ics  are  

examined. 

s i f ica t ion  sheet, t ab le  l;, e-raluation of s o i l s  according t o  dry strength 

and p l a s t i c i t y  c r i t e r i a  i s  discussed h succeeding paxagraphs in connec- 

t ion  with fine-grained soils. Ident i f icat ion of act ive cementing agents 

other than clay usually is  not possible by visual  and manual examination, 

since such agents may rzquire a curing period-of days or  even weeks. 

the absence of such experience the s o i l s  should be c lass i f ied  ten ta t ive ly  

into t h e i r  apparent groups, neglecting any possible development of 

strength because of cementation. 

Fine -arained soils 

Cri te r ia  f o r  dry strength are sham i n  column 5 of the clas-  

I n  

21. The pr incipal  procedures f o r  f i e l d  ident i f icat ion of f ine-  

grained s o i l s  a re  the t e s t  f o r  dilatancy (reaction t o  shaking), the 

examination of p l a s t i c i t y  charac te r i s t ics ,  and the determination of dry 

s t r eng th .  I n  addition, observations of color and odor a r e  of value, 

- I  

par t icu lar ly  for  organic s o i l s .  Descriptions of the . f ie ld  ident i f icat ion 

7 
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procedures are presented i n  the following paragraphs. 

p l a s t i c i ty ,  and dry strength t e s t s  are  performed on the f rac t ion  of the 

s o i l  f i ne r  than the Ao. 40 sieve. Separation of par t ic les  coarser than 

the No. 40 sieve is done most expediently in the f i e l d  by hand. 

separation by hand probably w i l l  be most effect ive for  pa r t i c l e s  coarser 

than the No. 10 sieve. 

t o  No .  40 f ract ion but  it is believed t h a t  any par t ic les  in t h i s  s ize  

The dilatancy, 

However, 

S a c  e f fo r t  should be made t o  remove the No. 10 

range remaining a f t e r  hand separation would have l i t t l e  e f f ec t  on the 

f i e l d  ident i f icat ion procedures. 

- 5  22. Dilatancy. The s o i l  i s  prepared fo r  t e s t  by removing par t ic les  

la rger  than about the No. 40 sieve s ize  (by hand) and adding enough water, 

:?. % .  
.a 

-. . 

if necessary, t o  make the soil sof t  but not sticky. The pa t  of moist s o i l  

should have a volume of about 1/2 cubic inch. The pat  of s o i l  i s  a l t e r -  - 
.r - 

nately shaken horizontally i n  the open palm of one' hand, which is  struck 

vigorously against the other hand several times, and then squeezed between 

tpe fingers.  

p l a s t i c i t y  w i l l  become l ivery and show free water .on the surface while 

A fine-grained s o i l  t h a t  i s  nonplastic or exhibits very l o w  
,- 

being shaken. Squeezing w i l l  cause the.water t o  ?.isappear from the sur- 

face and the sample t o  s t i f f e n  and f ina l ly  crumble under increasing 

finger pressure, l i ke  a b r i t t l e  material. If the ;rater content is j u s t  

r igh t ,  shaking the broken pieces w i l l  cause them t 2  l iquefy again and 

f l o w  together. A dis t inc t ion  may be made between rapid, slow, or  no re-  

action t o  the shaking test, depending on the speed with which the pat  

changes I ts  consistency and the water on the surface appears or dis- 

appears. 

uniform f ine sand, s i l t y  sand (SP, SM), and inorganic silts (k) 
Rapid reaction t o  the shaking t e s t  I s  typical  for  nonplastic, 
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p m t i c u l a r l y  of the rock-flour type, also for  diatomaceous ear th  ( M H ) .  

The reaction becomes somewhat more sluggish with decreasing uni fomi ty  

of gradation (znd iscrease i o  p l a s t i c i t y  up t o  a cer tz ia  degree) .  

s l i g h t  content of col loidal  clay w i l l  impart t o  the s o i l  some p l a s t i c i t y  

and slow up materially the reaction t o  the shaking t e s t .  Soi ls  which 

r e a c t  i n  t h i s  manner are somewhat @ast ic  inorganic and organic s i l ts  

(ML, OL) , very lean clays (CL), and some kaolin-type clays (ML, MB).  

tremely s l o w  or no reaction t o  the shaking t e s t  i s  character is t ic  of a l l  

typ ica l  clays (CL, CH) as wel l  as of highly p l a s t i c  organic clays (OH).  

Even a 

EX- 

23. P l z s t i c i t v  chzirzcteristics. Examination of the p l a s t i c i t y  

character is t ics  of fine-grained s o i l s  or of the f ine  f rac t ion  of coarse- 

grained soils is made with a s m a l l  moist sample of the  material. Par t i -  

c l e s  larger  than about the No. 40 sieve s ize  are removed (by hand) and a 

specimen of s o i l  about the s ize  of a 1/2-in. czlbe i s  molded t o  the con- 

sis tency of putty. 

it is  sticky, the specinen should be spread out i n  a t h i n  layer and 

allowed t o  lose some moisture by evaporation. 

hand on a smooth surface or between the palms.into a thread about 1/8 in .  

i n  diaceter.  The thread i s  then folded and rerol led repeatedly. During 

t h i s  manipulation the moisture content i s  gradually reduced and the speci- 

men s t i f fens ,  f i n a l l y  loses i t s  p l a s t i c i t y ,  and crumbles when the p l a s t i c  

l i m i t  is reached. After the thread crumbles, the pieces should be lumped 

together and a slight kneading action continued u n t i l  the lump crumbles. 

The higher the position of a s o i l  above the “A” l i n e  on the p l a s t i c i t y  

chart ,  p la te  2 (CL, CH), the st iffer are the threads as their water con- 

t e n t  approaches the p l a s t i c  l irait  and the tougher are the lumps as the 

I f  the s o i l  i s  too dry, water m u s t  be added and if 

The sample is  ro l led  by 



16 

soil is remolded after ro l l ing .  S o i l s  s l i g h t l y  above the."A" l i n e  (CL, 

CH) form a medium tough thread (easy t o  r o l l )  as the p l a s t i c  l i m i t  i s  

approached but when the threads  are  formed into a lump and kneaded below 

the p l a s t i c  l i m i t ,  the s o i l  crumbles readi ly .  S o i l s  below the "A" line 

(ML, MH, OL, OH) f6rm a weak thread and, with the exception of the OH 

s o i l s ,  cannot be lumped together i n t o  a ooherent mass below the p l a s t i c  

l i m i t .  P l a s t i c  s o i l s  containing organic material o r  much mica (well  

below the "A" l i n e )  form threads t h a t  a r e  very s o f t  and spongy near the 

p l a s t i c  l i m i t .  

amined in the same manner as fine-grained s o i l s .  In general, the binder 

f ract ion of coarse-grained soils with s i l t y  f ines  (GM, SM) w i l l  exhibi t  

The binder f rac t ion  of coarse-grained soils may be ex- 

4- 

p l a s t i c i t y  charac te r i s t ics  s imilar  t o  the ML soils, and t h a t  of coarse- 

grained s o i l s  with clayey f ines  (E, SC) w i l l  be similar t o  the CL s o i l s .  
; i  : ., . :i . . . . .  . ,. . .  . 

24. Dry strength.  "he resis tance of a piece of dr ied soil t o  

c.$ushing by f inger  pressure is an indicat ion of the  character of the 

Sol lo ida l  f r a c t i o n  of a soil. 

than the No. 40 sieve s ize  ark removed from the  soil (by hand) and a 

specimen is  molded t o  the con::istency of putty,  adiLing water i f  neces- 

sary. 

To i n i t i a t e  the test., p a r t i c l e s  la rger  

-. - 

The moist pat of s o i l  ;.s allowed t o  dry ( i n  oven, sun, or air)  

snd is then crumbled between the f ingers .  Soils with s l i g h t  dry strength 

crumble readi ly 'wfth very l i t t l e  f inger  pressure. A l l  nonplastic ML and 

MH soils have almost no dry strength. 

of low p l a s t i c i t y  (OL), as wel l  as very f ine  sandy soils (SM), have 

Organic silts and lean organic clays 

s l i g h t  dry strength. 

f inger  pressure to powdm the sample. 

Soi l s  of medium dry s t rength require considerable 

Most clays of the CL group and 

some OB soils exhibi t  medium dry strength.  "his is cLso t rue  of the f i n e  
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f r a c t i o n  of grave l ly  and sandy s o i l s  having a c lay  binder (GC and S C ) ,  

'. .Soi ls  with high b-y s t rength  can be broken but  cannot be powdered by 

f inger  pressLre. Eigh  d r y  strel?&l Is indiczt ive of nost Ca c leys ,  es 

well  ZS some organic c lays  of the OH group having very high l i q u i d  limits 

and located near the  A-line. 

undisturbed s t a t e  may be furnished by  a cementing mater ia l  such as ca l -  

c i m  carbonate or i ron  oxide. 

In some instances high dry s t rength  i n  the 

25. Color. I n  f i e l d  s o i l  surveys color is often he lpfu l  i n  dis-  

t b g u i s h i n g  between various s o i l  strata, and t o  an engineer with s u f f i -  

c i e x  preliminary experience with the  l o c a l  s o i l s ,  color may a l s o  be 

usefu l  fo r  ident i fying individual  s o i l s .  The color of the  moist s o i l  

should be used in  iden t i f i ca t ion  as s o i l  color may change markedly on 

drying. 

brom,  including almost black colors ,  a r e  indicat ive of f ine-grained 

s o i l s  containing organic co l lo ida l  matter (OL, OH). 

colors ,  including medium and l i g h t  gray, o l ive  green, brown, red ,  yellow, 

an6 white, a r e  general ly  associated with inorganic s o i l s .  

Munsell s o i l  color char t s  and p l a t e s ,  prepared f o r  the  U. S. Department 

of Agriculture by the  Munsell Color Company, Baltimore, Maryland, i s  

suggested i n  the  event more prec ise  s o i l  color descr ipt ions a re  desired 

o r  t o  f a c i l i t a t e  uniform naming of s o i l  colors .  

To the  experienced eye c e r t a i n  dark or &ab shades of gray o r  , 

In cont ras t ,  b r igh te r  

U s e  of the  

26. - Odor. Organic s o i l s  of t he  OL and OH groups usua l ly  have a 

d i s t inc t ive  odor which, with experience, can be used as an a i d  i n  the  

iden t i f i ca t ion  of such materials. 

f r e sh  samples. 

revived by heating a w e t  sample. 

This odor i s  espec ia l ly  apparent from 

It gradual ly  diminishes on exposure t o  a i r ,  bu t  can be 

, 
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Highly organic s o i l s  

27. The f i e l d  ident i f icat ion of highly organic s o i l s  (group Pt )  i s  

r e l a t ive ly  easy inasmuch a s  these s o i l s  are characterized by undecayed or 

p a r t i a l l y  carbonized pa r t i c l e s  ~ of leaves, s t icks ,  grass, and other vege- 

t ab le  matter which impart t o  the s o i l  a typical  f ibrous texture.  

color ranges generally from various shades of d u l l  brown t o  black. 

The 

A 

. d i s t i n c t  organic odor is  also character is t ic  of the so i l .  

t e n t  I s  usually very high. 

may be the location of the s o i l  with respect t o  topography: 

The water con- 

Another a i d  I n  ident i f icat ion of these so i l s  

low-lying, 

swampy areas usually contain highly organic s o i l s ,  

Laboratory Ident i f icat ion ,. 

. .  ' -: . 28. The ident i f icat ion of s o i l s  in the laboratpry is  accomplished 
. z  , . .  , .. - !! :r ., 

. _  

:by determining the. gradatlon and p l a s t i c i t y  characterist ic 's  of the mate- 

rials. - 

curve i s  usually plot ted as per cent f i ne r  (or passing) by weight against  

a-logarithmic scale of grain s ize  in minimeters.  

The gradation is  determined by sieve analysis and a grain-size 

. r  

Plate  1 i s  a typ ica l  

- grain-size chart. P l a s t i c i t y  character is t ics  a re  evaluated by means of 

the l iqu id  and p l a s t i c  l imi t s  tests on the s o i l  f rac t ion  f i n e r  than the 

No, 40 sieve. A suggested laboratory method of ident i f ica t ion  is pre- 

sented schematically i n  the chart  shown as tab le  2 and is  discussed i n  

the succeeding paragraphs. It should be recognized t h a t  although a def- 

i&te procedure f o r  ident i f icat ion is  outlined on the chart, the labora- 

t o r y  technician engaged i n  c lass i f ica t ion  may be able t o  use "short cuts" 

i n  h i s  work after he becomes thoroughly f a m i l i a r  with the c r i t e r i a  f o r  

each s o i l  group. 



Ident i f icat ion of major s o i l  K~OUDS 

29. Reference t o  the ident i f ica t ion  procedure chart, table  2, shows 

t h a t  the f i r s t  ste? i n  the laboratory ident i f ica t ion  of a s o i l  i s  t o  

determine whether it is coarse grained, f i n e  grained, or highly organic. 

This may be done by visual  examination i n  most cases, using the procedures 

outlined for  f i e l d  ident i f icat ion,  

very f i n e  sands or coarse si l ts ,  it maybe necessary t o  screen a repre- 

I n  some borderline cases, as with 

sentative dry sample over a No, 200 sieve and determine the percentage 

passing. 

the s o i l  as coarse grained, and more than 50 per cent ident i f ies  the s o i l  

as f ine grained. 

f o r  convenience i n  ident i f icat ion as it is obvious t h a t  a numerical d i f -  

ference of 1 :or 2' in this..percentage w i l l  make no s ignif icant  change i n  

the behavior of the so i l .  

i s  established, the ident i f icat ion procedure i s  continued in accordance 

with the proDer headings i n  the chart. 

F i f t y  per cent or l e s s  passing t h e  No. 200 sieve ident i f ies  

The percentage l i m i t  of 50 has been selected a r b i t r a r i l y  

. 
A f t e r  the  major group i n  which the s o i l  belongs 

Ident i f icat ion of subgroups, 
coarse-arained so i l s  

30. Gravels (G) or sands (S) . A complete sieve analysis i s  run on 

coarse-grained s o i l s  and the gradation curve is plotted on a grain-size 

chart .  

be desirable t o  supplement . the  sieve analysis with a hydrometer analysis 

i n  order t o  define the gradation curve below the No. 200 sieve s i z e .  

liminary identification i s  made by determining the percentage of material 

For sane s o i l s  containing a subs tan t ia l  amount of fines, it may 

Pre- 

%n the gravel  (above No. 4 sieve) and sand (No, 4 t o  No. 200 sieve) sizes. 

If  there i s  a greater percentage of gravel than sand the material  i s  
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classed as gravel (G); i f  there i s  a greater  percentage of sand than 

gravel the material  is  classed as sand (S) .  

between these groups i s  purely a rb i t r a ry  f o r  convenience i n  following 

Once again the d is t inc t ion  

the system. The next ident i f ica t ion  s tep  i s  t o  determine the mount of ~ 

material  passing the No. 200 sieve. Since the subgroups are  the same 

f o r  gravels and sands, they w i l l  be discussed jo in t ly  i n  the following 

paragraphs. 

31. GW, SW, GP, and SP moups. These groups comprise nonplastic 

s o i l s  having l e s s  than 5 per cent passing the No. 200 sieve and i n  which 

the f ine  f rac t ion  does not in te r fe re  with the  s o i l s '  free-draining prop- 

eFties. If the above c r i t e r i a  are m e t ,  an examination I s  made of the 

shape of t he  grain-size curve. 

%. 

Materials t h a t  are w e l l  graded a r e  c las -  

s i f i e d  as GW or  SW; pporly-graded materials are clas:sified. .as GP or  SP. 

The grain-size d is t r ibu t ions  of well-graded materials generally p lo t  as 

.. . .. . .. . - _. .. . _ .  . .  , 
. .  . . . .  . . .  

smooth and regular concave curves with no s i zes  lacking or no excess of 

material  i n  any s i z e  range (p la te  3);  the uniformity coefficient (60 per 

cent grain diameter divided by the  10 per cent grain diameter) of well- 
5 .  

... . graded gravels I s  greater than 4, and of well-graded sands is greater 

than 6. I n  addition, the gradation curves should meet the following 

qual i f icat ion in order t o  be classed as w e l l  graded. 

where D30 = grain diameter a t  30 per cent passing 

D& = grain diameter a t  60 per cent passing 

D10 = grain diameter a t  10 per cent passing 

The foregoing expression, termed a coef f ic ien t  of curvature, I n s u r e s  

i 
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t h a t  the grading curve w i l l  have a concave curvature within r e l a t i v e l y  

narrow limits for  a given D& and D10 combination. All gradations not 

meeting the foregoing c r i t e r i a  are classed as poorly graded. 

poorly-graded s o i l s  (GP, SP) are those having nearly s t ra ight  l i n e  gra- 

dations (plate' 4, f ig .  1, curve 3 ) ,  convex gradations, nearly v e r t i c a l  

(uniform) gradations (plate  4, f ig .  1, curve l), and gradation curves 

with "humps1' typical  of skip-graded materials (plate  4,- f i g .  1, curve 2).  

Thus, 

32. GM, SM, GC and SC ~ O U D S .  The s o i l s  i n  these groups are com- 

posed of those materials having more than a 12" per cent f rac t ion  passing 

the No. 200 sieve; they may or may not exhibi t  p las t ic i ty .  For ident i -  

f ica t ion ,  the l iqu id  and p l a s t i c  limits tests are required on the f rac-  

t i o n  f iner  than the  No. 40 sieve. 

t i v e  samples of moist material, and not on air- or oven-dried so i l s .  

This precaution is desirable as drying a f f e c t s  the l imits  values t o  sane 

extent as will be explained fbrther in  the discussion of fine-grained 

s o i l s .  Materials in which the l i q u i d  l i m i t  and p l a s t i c i t y  index p lo t  

below the "A" l i n e  on the p l a s t i c i t y  char t  (plate  2) are classed as 

GM or SM (plate 5). Gravels and sands in which the l iquid l i m i t  and 

p l a s t i c i t y  index p l o t  above the "A" l i n e  on the p l a s t i c i t y  char t  are  

classed as GC or SC (plate  6). 

cation of materials i n  these groups the p l a s t i c i t y  character is t ics  

overshadow the gradation charac te r i s t ics ;  therefore, no d is t inc t ion  is  

made between w e l l -  and poorly-graded materials. 

The tests should be run on representa- 
z, 
f 

It is considered t h a t  i n  the i d e n t i f i -  

-~ 

* In the preceding paragraph soils of the GW, GP, SW, and SP groups were 
defined as having l e s s  than a 5 per cent fraction passing the No. 200 
sieve. 
sieve are classed as "borderline" and are  discussed in partigraph 33. 

Soils  having between 5 and 12 per cent passing the No. 200 
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33. Borderline so i l s .  Coarse-&rained s o i l s  containing between 

5'and 12$ material passing the No. 200 sieve are  classed as borderline 

end carry a dual symbol, e.&., GU-Gbl. Similarly, coarse-grained so i l s  

having l e s s  than 53 passing the No. 200 sieve, but which are  not f r ee  

drainina, or  wherein the f ine fract ion exhibits p las t ic i ty ,  a re  a lso classed 

as bwderl ine and are given a dual symbol. Additional discussion of border- 

l i n e  c lass i f ica t ion  i s  presented i n  paragraphs 38-41. 

Ident i f icat ion of sub- 
groups, fine-Gained s o i l s  

34. Use of p l e s t i c i ty  chart. ~. . . Once . . . . , the  . ident i ty  of a fine-grained 

s o i l  has been established, further ident i f icat ion i s  accomplished prin- 

c ipa l ly  by the  l iqu id  and plas t ic  limits t e s t s  i n  conjunction with the 

p l a s t i c i t y  chart (plate  2).  

Casagrande as the r e s u l t  of considerable expr ience  Kith the behavior of 

s o i l s  i n  many different regions. 

The p l a s t i c i ty  chart w a s  developed by Dr .  

It i s  a p lo t  of l iquid l imi t  versus plas- 

w c i t y  index on which is  imposed a diagonal l i ne  called the "A" l ine  and a 

v e r t i c a l  l i n e  at a l iquid l i m i t  of 50. 

equation PI = 0.73 (IL-20). The "A" l i n e  abc ve a l iquid l imi t  of about 

29 represents an important empirical boundar:i between typica l  inorganic 

clays (CL and CH), which are generally locatzd above the l ine,  and p las t ic  

soils containing organic colloids (OL and OE-) or  inorganic s i l t y  so i l s  (ML 

and MH). 

clays of low l iquid l i m i t  (L)  from those of high l iquid l i m i t  (H).  

The "A" l i ne  is  defined by the 
- 

The ve r t i ca l  l i n e  at l iquid l imi t  of 50 separates silts and 

I n  

the low pa r t  of the  chart  below a l iquid liudt of about 29 and in the 

range of PI from 4 t o  7 there is considerable averlapping of the  proper- 

ties of the  clayey and s i l t y  s o i l  types. Hence, the  separation between 
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CL and OL or  ML s o i l  types i n  this region is accomplished by a cross-hatched 

zone on the  p las t ic i ty  chart between 4 and 7 PI and above the "A" l ine .  

CL so i l s  i n  this region are those having a PI above 7 while OL o r  ML so i l s  

are those having a P I  below 4. 

zone should be classed as borderline as discussed la te r .  The various s o i l  

groups are  shown i n  the i r  respective positions on the p las t ic i ty  chart. 

Eqerience has shown that compressibility i s  approximately proportionzl t o  

Soi ls  plot t ing within the cross-hatched 

l iquid l imit  and that so i l s  having the  same l iquid l i m i t  possess approxi- 

mately equal compressibility, assuming t h a t  other factors  are essentially 

the same. On comparing the physical character is t ics  of so i l s  having the 

same liquid l i m i t ,  one finds that with increasing p las t ic i ty  index, the 

i& cohesive characterist ics increase and the  permeability decieases. From 

plo ts  of the resu l t s  of limits tests on a number of samples f romthe 

same fine-grained deposit, it is  found that for  most so i l s  these points 

l i e  on a s t ra ight  l ine  or  in a narrow band approximately para l le l  t o  

the "A" l ine .  With t h i s  background information i n  mind, the identifica- 

.+' I 

e 

t i o n  of the various groups of fine-grained s o i l s  is  discussed i n  the 

following Faragraphs . 
35. ML, CL, and OL groups. A s o i l  having a liquid l i m i t  of less  

than 50 falls into the l o w  l iquid l i m i t  (L)  group. 

l imi t  and p las t ic i ty  index on the  p las t ics ty  chart w i l l  show whether it 

A plot of the l iquid 

falls above or below the "A" l i ne  and cross-hatched zone. Soi ls  plott ing 

above the  

typical  inorganic clays (plate 8, f ig .  1). 

"A" l i ne  and cross-hatched zone are classed as CL and are usually 

Soils plott ing below the "A" 

l i n e  o r  cross-hatchedzone are  inorganic silts or  very f ine sandy silts, 

MI, (plate 7, f ig.  I), o r  organic silts or organic s i l t -c lays  of low 



ever, i n  doubtful cases a comparison may be made between the l iquid and 

p las t ic  limits of a moist sample and one tha t  has been oven-dried. An 

organic s o i l  will show a rad ica l  drop i n  p l a s t i c i ty  a f t e r  oven-drying 

or air-drying. An inorganic s o i l  vi11 generally show a change i n  the 

l imits  values of only 1 or 2% which may be ei ther  an increase or a decrease. 

F‘or the foregoing reasons the c lass i f ica t ion  should be based on the plot 

of limits values determined before drying. Soi l s  containing organic matter 

generally have loyer specif ic  gravities and .may have decidedly higher water 

contents than inorganic so i l s ;  therefore, these properties may be of a s s i s t -  

ance i n  identifying organic soils. 

grganic content may be made by chemical methods, but the procedures ju s t  

I n  special  cases, the determination of 

described are usually suff ic ient .  
* .  

36. MH, CH, and OH groups. Soi l s  with a liquid l i c d t  greater than 

. 50 are classed in group H. To ident i fy  such soils,  the l iquid limit 

and p l a s t i c i ty  index values are plot ted on the  p l a s t i c i ty  chart .  

points f a l l  above the  ‘‘A*’ l ine,  t he  s o i l  c l a s s i f i e s  as CH; if it falls  

below the “A“ l ine,  a determination is made as to whether or not organic 

material i s  present, as described in t h e  preceding paragraph. Inorganic 

If the  
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plas t ic i ty ,  OL (plate  9, f ig .  1). 

or cross-hatched zone, fur ther  ident i f ica t ion  i s  necessary. The d i s t i n -  

guishing factor between the ML and OL groups i s  the absence or presence 

of organic matter. 

explained i n  the preceding paragraphs under f i e l d  ident i f icat ion.  

Since two groups f a l l  below the “A” l i n e  

T h i s  i s  usually ident i f ied by color and odor as 

How- 

materials are classed as MH and organic materials a re  classed as OH. 

Identification of highly organic s o i l s  

37. L i t t l e  more can be said as t o  t h e  laboratory Ident i f icat ion of 



highly organic soi ls  (E) than has been stated previously under f ie ld  

identification. 

of color, texture, and odor. Moisture determinations usually show a 

natural water content of several hundred per cent, which i s  far i n  ex- 

cess of that found for most soils. 

these so i l s  may be quite l o w .  

tested for  liquid and plast ic  limits. Such materials usually have a 

l iquid l i m i t  of several hundred per cent and f a l l  well below the "A" 

l ine  on the plast ic i ty  chart. 

These so i l s  are usually identified readily on the basis 

Specific gravi t ies  of the soliids i n  

Some peaty so i l s  can be remolded and 
. "  

Borderline classifications 

38. It i s  inevitable i n  the use of the classification system tha t  
"1 I 

s o i l s  w i l l  be encountered that fa l l  close t o  the  boundaries established 

between the various groups. 3. I n  'addition, 'boundary zones for  the amount 

of material passing the No. 200 sieve and for  the lower part  of the 

p las t ic i ty  chart have been incorporated as a par t  of the system, as 

discussed subsequently. The accepted rule  i n  classifying borderline 

so i l s  .is t o  use a double symbol; for example, Gtl-GM. It 'is possible, 

i n  rare  instances, for a s o i l  t o  f a l l  into more than one borderline zone 

and, if appropriate symbols were used for each possible classification, 

the resu l t  vould be a multiple designation consisting of three or more 

symbols.. This approach i s  unnecessarily complicated and it is considered 

best  t o  use only a double symbol i n  these cases, selecting the two t h a t  

are believed most representative of the probable behavior of the so i l .  

I n  cases of doubt the symbols representing the p o r e r  of the possible 

groupings should be used. 

39. Coarse-grained soils. It w i l l  be recalled that  i n  previous 
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discussions (peragraph 31) the coarse-grained soils w e r e  c lass i f ied i n  

the GH, GP, SW, and SP groups i f  they contained less than 5% of material 

passing the Eo. 200 sieve. Similarly, s o i l s  were c lass i f ied  i n  the G14, 

CC, SM, and S C  groups i f  they had more than 12% passing the No. 200 sieve 

(paragraph 32). The range between 5 and 12% passing the No. 200 seive i s  

designated as borderline, and s o i l s  f a l l i n g  wlthin it are assigned a double 

symbol depending on both the  gradation charac te r i s t ics  of the coarse 

f ract ion and the p l a s t i c i ty  character is t ics  of t he  minus No. 40 sieve 

fraction. 

200 sieve and with LL = 28 and PI = 9 would be designated as S I - S C .  

Another type of borderline c lass i f ica t ion  occurs fo r  those so i l s  containing 

For example, a well-graded sandy s o i l  with 8% passing the No. 

appreciable amounts of fines,  groups CM, GC, SM, and SC, and whose 

Atterberg limits values- p lo t  i n  t he  low,= pccrtson of the  p l a s t i c i ty '  chart. 

The method of classifying these soils is t he  same as for  fine-grained 

soils plo t t ing  i n  the same region, as pesen ted  i n  the  following paragraph. 

40. Fine-grained soils. Mention has been made of a zone on the ii 
.p las t ic i ty  chart  (plate  2) below a l iqu id  .limit of about 29 and ranging 

between p l a s t i c i ty  index values of 4 and 7. 
- .  

Several soil types exhibiting 

low p l a s t i c i t y  plot i n  this general.region on the  p l a s t i c i t y  chart and no 

def in i te  boundary between s i l t y  and clayey s o i l s  exis ts .  

grained so i l ,  groups CL and ML, or  the  m$nus-No. 40 sieve fract ion of a 

coarse-grained soil, groups GM, GC, SM, and SC, p lo t s  within the cross- 

hatched zone on the  p l a s t i c i ty  chart, a double symbol (ML-CL, etc.  ) i s  used. 

Thus, i f  a fine- 

41. "Silty" and "clayey." It w i l l  be nl ted on the classi f icat ion 

sheet, table 1, tha t  the adjectives "s i l ty"  and "clayey" may be used as 

part of the  descriptive name for  silt o r  clay so i l s .  Since the  



definitions of these terms are now somewhat different from those used by 

many soi ls  engineers, it i s  considered advisable t o  discuss their  connota- 

t ion as use2 iz this system. In the unified soil classification the terms 

"silt" and "clay'' are used t o  describe those s o i l s  with Atterberg limits 

plott ing respectively below and above the  "A" l i ne  and cross-hatched zone 

on the plast ic i ty  chart. As a logical. extension of this concept, the terms 

"s i l ty"  and "clayey" may be used as adJectives i n  the s o i l  names when the 

limits values plot close t o  the "A" l ine.  

LL = 40 and PI = 16 may be called a s i l t y  clay. 

"silty' '  is  not applied t o  clay so i l s  having a l iquid l i m i t  i n  excess of 

about 60. 

For example, a clay s o i l  with 

In general, the adjective 

. -  I Expansion of Classification 
I 

42. It may be necessary, in some cases, t o  expand the unified clas- 

si f icat ion system by subdivision of existing groups i n  order t o  classify 

so i l s  for  a particular use. 

discouraged and caref'ul study should be given any s o i l  group before such 

a s tep is adopted. I n  all cases subdivisions should be designated pref- 

erably by a suffix t o  an existing group symbol. 

selected carefully so that there will-be no confusion with existing l e t -  

The indiscriminate use of subdivisions i s  

The suffix should be 

i t e r s  that already have meanings i n  the classi f icat ion system. In each 

case where an existing group i s  subdivided, the  basis and c r i t e r i a  for  

the subdivision should be explained i n  order that anyone unfamiliar with 

it may understand the subdivision properly. 
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Descriptive S o i l  Classif icat ion 

43. A t  many stages i n  the s o i l s  investigation of e project  -- 
from the  preliminary boring log t o  the f i n a l  report  -- the  engineer 

f inds it convenient-to give the s o i l s  he i s  working with a "name" rather  

than an "impersonal" c l a s s i f i c a t i o n  symbol such as GC. This r e s u l t s  

primarily from the fact t h a t  he i s  accustomed t o  ta lk ing  i n  terms of 

- 

gravels, sands, silts, and clays, and f inds it only l o g i c a l  t o  use these 

same names i n  presenting the data. The s o i l  names have been associated 

w&th cer ta in  grain s i z e s  i n  the t e x t u r a l  c l a s s i f i c a t i o n  as shown on the 

grain-size chart ,  p l a t e  1. 

the coarse-grained soi ls;  however, the use.of such terms as s i l t  and 

a' 

Such a divis ion is  generelly feas ib le  for  

d a y  may be e n t i r e l y  misleading on a te,xturaJi,basis. 

the terms "silt" and "clay" have been defineL on a p l a s t i c i t y  bas i s  as 

For t h i s  reason 
: c  -. - . ,,. ..L 

discussed previously. Within a given region of the country, use of a 

n b e  c l a s s i f i c a t i o n  based on texture i s  often feas ib le  since the general 

behavior of s imilar  s o i l s  i s  consistent,over the area. However, i n  

another area the same c l a s s i f i c a t i o n  may be er-';irely inadequate. The 
- 

descriptive classi f ic ,a t ion,  if used i n t e l l i g e n ; l y ,  has a r i g h t f u l  place 

i n  soilmechanics,  but  i t s  use should be carefirlly evaluated by a l l  

concerned. 

Description from c l a s s i f i c a t i o n  sheet 

44. Column 4 of the  c lass i f ica t ion  sheet, t r b l e  ?-, l is ts  typ ica l  

names given the s o i l  types usually fodnd within the various c l a s s i f i c a t i o n  I 

groups. 

cedure and determining the  proper c l a s s i f i c a t i o n  group i n  which the  s o i l  

By following e i t h e r  the f i e l d  or laboratory Investigation pro- 
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belongs,  it is  usua l ly  ag easy matter t o  s e l e c t  an appropr ia te  name from 

the  c l a s s i f i c a t i o n  sheet .  Some s o i l s  mzy be r e a d i l y  i d e n t i f i e d  acd prop- 

e r l y  named by oaly visual inspect ion.  

appropr ia te  on t h e  use of the c l a s s i f i c a t i o n  system f o r  c e r t a i c  s o i l s  

such as m a r l s ,  ca l iches ,  cora l ,  shale ,  e t c . ,  where the  g ra in  s i ze  can 

A word of  caut ion  i s  c o n s i k r e d  

va ry  widely depending on t h e  amount of mechanical breakdown of s o i l  par- 

t i c les .  For these  s o i l s  t he  group symbol a n d . t e x t u r a 1  name have l i t t l e  

s ign i f i cence  and the l o c a l l y  used nzme may be important.  

Other desc r i a t ive  t e r n s  

45. Records of f i e l d  explorat ions i n  the  form of boring logs czn 

be of great b e n e f i t  t o  t h e  engineer i f  t hey  include adequate informztion. 

) In add i t ion  t o  t h e  group symbol and t h e  name of t h e  so i l ,  t he  general  
- 

c h a r a c t e r i s t i c s  of t he  s o i l s  as t o  p l a s t i c i t y ,  s t r eng th ,  moisture, e t c . ,  

provide i n f o m a t i o n  e s s e n t i a l  t o  a proper a n a l y s i s  of a p a r t i c u l a r  prob- 

l e m .  Local ly  accepted s o i l  names should also be used t o  c l a r i f y  the  

data t o  l o c a l b i d d e r s ,  and t o  p ro tec t  the  Government aga ins t  l e t e r  legel 

claims. For coarse-Gained s o i l s ,  t h e  s i z e  of  p a r t i c l e s ,  mineralogical 

composition, shape of grains ,  and charac te r  of t h e  binder  a r e  re levant  

features. For fine-,srained' ,soils,  s t r eng th ,  moisture,  and p l a s t i c i t y  

c p a r a c t e r i s t i c s  a r e  important. Vhen desc r ib ing  undisturbed soils such 

c h a r a c t e r i s t i c s  as s t r a t i f i c a t i o n ,  s t r u c t u r e ,  consis tency i n  the undis- 

turbed and remolded s t a t e s ,  cementation, drainage, e tc . ,  are pe r t inen t  

t o  t he  desc r ip t ive  c l a s s i f i ca t ion .  Pe r t inen t  i tems t o  be used i n  de- 

s c r i b i n g  s o i l s  a r e  shown i n  column 6 of t a b l e  l. I n  order  t o  achieve 

uni formi ty  i n  es t imat ing consis tency of soils, it is  recommended t h a t  

t he  Terzaghi c l a s s i f i c a t i o n  based on unconfined compressive s t rength  be 



used as a tentat ive standard. "his c lass i f ica t ion  i s  given below: 

Unconfined Compressive Strength 
Tons/Sq F t  Consistenq 

< 0.25 Very soft 

0 -25 -0 e 5 0  Soft 

0.50-1 .oo Medium 

1 .oo -2.00 S t i f f  

2.00-4.00 Very s t i f f  . 

> 4.00 Hard 

Several examples of descriptive c lass i f ica t ions  are sham below: 

a: 

b. - 
Uniform, f ine,  clean sand with rounded grains (SP). 

Well-graded gravelly s i l t y  sand; angular chert  gravel, 
1/2-in. m a x i m u m  s ize ;  s i l t y  binder with l o w  p l a s t i c i ty ,  
well-compacted. and moist (SM) 

- c .  L i g h t  br&, fine, sandy s i l t ;  very low p las t ic i ty ;  satu- 
ra ted and s o f t  i n  the undisturbed state (ML) . 

- d. D a r k  gray, fa t  clay; stiff i n  the undisturbed state; s o f t  
and s t icky  when remolded (a). 

i 
-.. 
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.HICRIX ORGANIC SOILS 

Fibrous t ex tu re ,  co lor ,  odor, 
very high moisture content,  
p s r t i c l e s  of vegetable mat- 
t e r  ( s t i c k s .  l eaves ,  e t c .  ) 

COARSE Gii' 

5 6  or  l e s s  pass 

I 

GRAVEL (G) 
Greater percentage of coarse f r a c t i o n  

. r e t a ined  on No. b s ieve  

1 
Ho. 200 sieve* I 

Examine g ra in  
a ize  curve 

graded 
Poorly 
graded 

n 

-- 
I More than 1% pass 

No. 200 s i eve  I I  Between 5% and 129 
pass No. 200 sieve I 11 

double synbol appro- 
p r i a t e  t o  grading and 
p l a s  t i c 1  t y  charac te r  - 

Note: Sieve s i z e s  a r e  U..S. Standard. 
Reproduced from 
best available copy.  

If f i n e s  i n t e r f e r e  v i t h  lree dra in ing  p rope r t i e s  use double symbol such as GW-GM, e t c .  

021260 -B 

3 2 - A  

I 



Table  2 

AUXILI IARY MBORAMRY IDENTIFICATION PROCZDIJ?E 

Hake v i s u a l  e x z i n n t i o n  of s o i l  :o d e r e x i n e  whether i t  
is EIG5i .Y O K A K i C ,  COARSE CRAIIXiE3, OR FINE G R A I K Z ? .  I n  

b o r d e r l i n e  c a s e s  de te rmine  amount passing No. 200 s i e v e .  

I 
I 

RSE GRAINED 

pass No. 203 s i e v e  

,:* 
,":. 

I 

ssm (s )  
G r e a t e r  percentage  of c o a r s e  f ' rac t ion  

mss KO. k s i e v e  . 

Between 5% and 16 
NO. 200 sieve. pass No. 200 s i e v e  No. 200 sieve 

More than 12% pass 

L I 1  1 I 

size curve  

I 
S o r d e r l i n e ,  t o  have 
double  synbol appro-  
p r i a t e  t3 g r a d i n g  and 
p l a s t i c i t y  c h a r z c t e r -  

i s t i c s ,  e.g. SW-SM 

Run LL a n i  PL on 
minus No. LO s ieve  

f r a c t i o n  

I 
Poorly n graded 

Above "A" l i n e  ana  
I 

I hatched  zone on ha tched  zone on 
p l a s t i c i t y  c h a r t  

r 
Below "A" 1 
hatched  ZOR I p l a s t i c i t y  

Color, odcr ,  
LL and PL on 

s o i l  

Organic  [: 8, 
3%- 8 
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FINE GRAINED 

More than 50% pass No. 200 s i eve  

I 

I 
Run LL and PL on minus No. 40 s ieve  

ma te r i a l  

I 1 
L 

Liquid l i m i t  l e s s  than 
50 

H 
Liquid l i m i t  g r ee t e r  than  

50 

.or, oacr, poss ib ly  
and PL on oven d ry  

s o i l  

-. .. 

$: ;: I 

I 

I 1 
I 

inorganic 8 
Llmits p l o t  i n  
hatched zone on 
p l a s t i c i t y  c h a r t  

i "A** l i n e  or 
i tched zone on 
i a s t i c i t y  c h a r t  

r 

Above "A" l i n e  Above nA" l i n e  and Belov "A" l i n e  
hatched zone on on p l a s t i c i t y  on p l a s t i c i t y  

c h a r t  c h a r t  c h a r t  

1 

I p l a s t i c i  

Reproduced from I best available CODY. 

Color, odor, poss ib ly  
. ILL and p" o;'wen dry 

s o i l  

Inorganic Q Organic 

k5 
I 



-. . 

- 3 3 -  . PLATE 1 



-. .. 

0 to 0 0 
t 0 

PLATE 2 

a' 



4. 
i: 

T Y P I C A L  EXAMPLES 
C W  AND SW SOILS 
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T Y P I C A L  EXAMPLES 
GP AND SP SOILS 
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S M  GROUP 
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T Y P I C A L  EXAMPLES 
GM AND SM SOILS 
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T Y P I C A L  EXAMPLES 
GC AND SC SOILS 
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UNIFIED SOIL CLASSIFICATION SYSTEM 

APPENDIX A 

CBARACTERISTICS OF SOIL GROUPS PERTAINDTG TO 

EMBAMCMENTS AND FOUNDATIONS 

Introduction 

1. The major proper t ies  of a s o i l  proposed f o r  use i n  an embank- 

ment or foundation t h a t  a r e  of concern t o  t h e  design o r  construction 

engineer a re  i t s  strength, .  permeabili ty,  and consolidation and compaction 

cha rac t e r i s t i c s .  Other f ea tu res  may be inves t iga ted  f o r  a spec i f i c  prob- 
.. . .-. 

l e m ,  bu t  in general  some o r  all of t h e  proper t ies  mentioned ebove a r e  of 

primary"importance in an e a r t h  embankment or foundation pro jec t  of any 

magnitude. It i s  common prac t ice  t o  evaluate  the  proper t ies  of t he  s o i l s  
:!, 

i n  question by means of laboratory o r  f i e l d  t e s t s  and t o  use the  r e s u l t s  

of such t e s t s  as a basis f o r  design and construction. The f ac to r s  t h a t  

influence s t rength,  consolidation, and other  cha rac t e r i s t i c s  a re  numerous 

and some of them a r e  not  completely understood; consequently, it is i m -  

p r a c t i c a l  t o  evaluate these fea tures  by means of a general  s o i l s  c l a s -  

s i f i c a t i o n .  However, t he  s o i l  groups i n  a given c l a s s i f i ca t ion  do have 

reasonably similar behavior cha rac t e r i s t i c s ,  and while such informa%ion 

i s  not  su f f i c i en t  f o r  design purposes, it w i l l  give the  engineer an i nd i -  

ca t ion  of the  behavior of a s o i l  when used as a component i n  construction. 

This i s  e spec ia l ly  t r u e  i n  the  preliminary examination f o r  a pro jec t  when 

ne i ther  time nor money f o r  a de ta i l ed  s o i l s  t e s t i n g  program i s  ava i lab le .  

2. . It should' be borne i n  mind by engineers using the  c l a s s i f i c a t i o n  
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t h a t  only generalized c h a r a c t e r i s t i c s  of t h e  s o i l  groups a r e  included 

the re in ,  and they should be used pr imar i ly  as a guide and not as the  com- 

p l e t e  answer t o  a problen. 

cons t ruc t  an ea r th  embankment of almost any type of s o i l  and upon prac-  

t i c a l l y  any foundation; t h i s  is  i n  accordance Ki th  the  worth-while p r i n -  

c i p l e  of u t i l i z i n g  the  mater ia l s  ava i l ab le  f o r  construct ion.  However, 

when a choice of mater ia l s  i s  possible ,  c e r t a i n  of t he  ava i lab le  s o i l s  

For exmsple, it i s  poss ib le  t o  design and 

may be b e t t e r  su i t ed  t o  the  job than o the r s .  

the .behavior  cha rac t e r i s t i c s  of s o i l s  are presented i n  t h e  following para- 

It I s  on t h i s  basis t h a t  

graphs and on the  c l a s s i f i c a t i o n  shee t .  

t o  be  pu t  i s  of ten the  p r inc ipa l  deciding f a c t o r  i n  the  se l ec t ion  of s o i l  

types  as w e l l  as the  type of p ro tec t ive  measures t h a t  w i l l  be u t i l i z e d .  

Since each s t ruc tu re  is a s p e c i a l  problem wi th in  i tself ,  it i s  impossible 

t o  cover a l l  possible  considerations In t h e  b r i e f  descr ip t ion  of p e r t i -  

The use t o  which a s t ruc tu re  i s  
Ai 

nent  s o i l  cha rac t e r i s t i c s  contained i n  t h i s  appendix. 
. .  . , .. 

Features Shown on S o i l s  C l a s s i f i c a t i o n  Sheet 

3 .  General c h a r a c t e r i s t i c s  of t he  s o i l  groups pe r t inen t  t o  em- 

bankments and foundations a r e  presented i n  table A l .  Columns 1 through 

5 of the  t a b l e  show major s o i l  d iv is ions ,  group symbols, and hatching 

and co lor  symbols; names of s o i l  types a r e  given i n  column 6. 

f e a t u r e s  are the  6ame as those presented i n  the  s o i l s  c l a s s i f i c a t i o n  

'L 

The bas ic  

nianual. Columns 7 through 12 show t he  following: column 7, s u i t a b i l i t y  

of the  mater ia ls  f o r  use i n  embankments ( s t r e n g t h  and permeabi l i ty  char- 

a c t e r i s t i c s ) ;  column 8, t h e  minimum o r  range of permeabi l i ty  values t o  

be expected f o r  t h e  s o i l  groups; columns 9 and 10, general  compaction 



,. .' 

.... 

..- -. 

character is t ics ;  column 11, the s u i t a b i l i t y  of the s o i l s  f o r  foundstions 

(strength and consolidation); and column 12, the requirements f o r  seep- 

age control, especially when the s o i l s  are encountered i n  the foundation 

f o r  ear th  embankments (permeability). 

tures are presented i n  t h e  following paregraphs. 

S u i t a b i l i t y  of s o i l s  f o r  embankments 

Brief discussions of these fea-  

4. Three major fac tors  that influence t h e  s u i t a b i l i t y  of s o i l s  

f o r  use i n  embankments a r e  pemezbi l i ty ,  strength, and ease of compac- 

t ion .  

GP, SW, and SP, a re  stable,  pervious, and attain good compaction with 

crawler-type t rac tors  and rubber-tired r o l l e r s .  

rials may not be qui te  as desirable as those which a r e  w e l l  graded, but  

a l l  of the materials are sui table  f o r  use in the pervious sections of 

ear th  embankments. Poorly-graded sands (SP) may be more d i f f i c u l t  t o  

u t i l i z e  and, i n  general, should have f l a t t e r  embankment slopes than the 

SV so i l s .  The gravels and sands with f ines ,  groups GN, GC, SM, and SC, 

have variable charac te r i s t ics  depending on the nature of the  f ine frac-  

t i o n  and the gradation of the e n t i r e  sample. These materials are  of ten 

The gravelly and sandy s o i l s  with l i t t l e  or  no f ines ,  groups GIJ, 

The poorly-graded mate- 

suf f ic ien t ly  impervious a n a  s table  t o  be used f o r  impervious sections of 

embanlanents . The s o i l s  i n  these groups should be .careful ly  examine& t o  

insure t h a t  they are properly zoned with re la t ion  t o  other materials i n  

an embankment. Of t h e  fine-grained s o i l s ,  the CL group is best  adapted 

f o r  embankment construction; the  s o i l s  a re  impervious, f a i r l y  stable,  

and give fair  t o  good compaction with a sheepsfoot r o l l e r  or rubber- 

t i r e d  r o l l e r .  The MH s o i l s ,  while not desirable f o r  r o l l e d - f i l l  construc- 

t ion,  may be u t i l i z e d  i n  the  core of hydraul ic-f i l l  structures.  Soi l s  of 

L 1 
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the  ML group uay or may not have good compaction charac te r i s t ics ,  and i n  

general must be closely controlled i n  the  f i e ld  t o  secure the dzsired 

s t rength.  CH s o i l s  have f a i r  s t a b i l i t y  when used on f l a t  slopes b u t  

have de t r i ronta l  shrinkage charac te r i s t ics  which may necessi ta te  b l a n -  

keting them or incorporating them i n  t h i n  i n t e r i o r  cores of embankments. 

S o i l s  containing organic matter, groups OL, OH, and Pt ,  a re  not commonly 

used f o r  embanluuent construction because of t h e  detriment21 e f f e c t s  of 

the  organic matter present.  Such materials may of ten  be u t i l i z e d  t o  ad- 

vantage i n  blankets and s t a b i l i t y  berms where s t rength is  not of impor- 

tance. 

Permeability and seepage control 
is, 

. 5 .  Since the permeability (column 8) and requirements f o r  seepage 

control  (column 12) a re  e s s e n t i a l l y  functions, of t h e  same property of a 

s o i l ,  they will be discussed jo in t ly .  The subject  of seepage i n  r e l a -  

t2on t o  embanknents and foundations may be roughly divided i n t o  three 

cGegories:  (1) seepage through embankments; (2 )  seepage through founda- 

t ions;  and (3 )  control of u p l i f t  pressures.  

l a t i o n  t o  the  s o i l  groups i n  the  following paragraphs. 

6 .  

These a r e  discussed i n  re- 

- .  

Seepage through embankments. . In the  control of seepage through 

embankments, it i s  the r e l a t i v e  permeability of adjacent materials ra ther  

than the ac tua l  permeability of such s o i l s  that governs t h e i r  use i n  a 
i 

given location. A n  earth embankment i s  not water t ight  and the allowable 

quant i ty  of seepage through it is  la rge ly  governed by t h e  use t o  which 

t h e  s t ruc ture  i s  put; f o r  exanple, i n  a flood-control project  consider- 

able seepsge may be allowed and t h e  s t ruc ture  w i l l  s t i l l  f u l f i l l  the s t o r -  

age requirements, whereas f o r  a n  i r r i g a t i o n  pro jec t  much less seepage i s  
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allowable because pool levels  must be n?aintained. 

s o i l s  (GM, GC, SM, SC, CL, MK, and CH) may be used i n  core sections o r  i n  

homogeneous embanhents t o  re ta rd  the flow of water. 

t a n t  t h a t  seepage not emerge on the downstream slope or the poss ib i l i ty  

of drawdown exis t s  on upstream slopes, more pervious materials are  usual- 

The more impervious 

Where it i s  i T o r -  

l y  placed on the outer slopes. 

(GW, GP, SW, 3) are  best sui ted f o r  t h i s  purpose. 

materials i s  available they are usually graded from l e a s t  pervious t o  

more pervious from the center of the embankment outward. C a r e  should be 

used in the arrangezent of materizls i n  the embanbent t o  prevent piping 

The coarse-grained, free-draining s o i l s  

Where a var ie ty  of 

within the section. The foregoing statenents do not  preclude the use ol 

other arrangements of materials i n  embankments. 

s t ruc ted  successfully e n t i r e l y  of sand (SW, SP, 34) o r  of s i l t  (ML) with 

the  section made large enough t o  reduce seepage t o  an allowable value 

without the use of an bqervious core. Coarse-grained s o i l s  are often 

used in drains and toe sections t o  co l lec t  seepage water i n  downstream 

Dams have been con- 

sections of embankments. The s o i l s  used w i l l  depend largely upon the 

material t h a t  they drain; i n  general, free-draining sands (SW, SP) o r  

gravels (GW, GP) a re  preferred, but a s i l t y  sand (SM) may effect ively 

drain a clay (CL, CH) and be en t i re ly  sa t i s fac tory .  

7. Seepage through foundations. As in t h e  cese of embankments, 

t h e  use of the s t ructure  involved often determines the amount of seepage 

control necessary i n  foundations. Cases could be c i t e d  where the f l o w  

of water through a pervious foundation would not const i tute  an excessive 

water loss and no seepage control measures would be necessary if adequate 

provisions were made against  piping in c r i t i c a l  areas. If seepage control  
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i s  desired,  then the  more pervious s o i l s  are t h e  s o i l s  i n  which necessary 

measures must be taken. Free-draining gravels (GW, GP) a r e  capable of 

carrying considerable quant i t ies  of water, and some means of positive 

control  such as a cutoff trench may be necessary. Clean sands (SW, SP) 

may be controlled By a cutoff or by an upstream Fmpervious blanket. 

\.lhile a drainage trench a t  the downstream t o e  o r  a l i n e  of r e l i e f  wells 

w i l l  not reduce the amount of seepage, e i t h e r  w i l l  serve t o  control seep- 

age and route the flow i n t o  co l lec tor  systems where it can be led  away 

harmlessly. S l igh t ly  l e s s  pervious material ,  such as s i l t y  gravels ( G M ) ,  

s i l t y  sands (SM), or silts (ML), may require  a minor amount of seepage 

control  such as t h a t  afforded by a toe trench, o r  i f  they are  suff ic ient-  
6;; , 

1y.impervious no control may be necessary. 

so i l s  (GC, SC, CL,.OL, MH, CH, Find OH) usual ly  pass such a small volume 

of water t h a t  seepage control measures a r e  not  necessary. 

The r e l a t i v e l y  impervious 

": 8. Control of u p l i f t  pressures. The problem of control of u p l i f t  
t 

pAssures  i s  d i r e c t l y  associated with pervious foundation s o i l s .  Uplift  

pressures may be reduced by lengthening t h e  path of seepage (by a cutoff 

or upstream blanket) or by measures f o r  pressure r e l i e f  i n  the form of 

wells, drainage trenches, drainage blankets, or pervious downstream 

s h e l l s .  Free-draining gravels (GW, GP) may be t r e a t e d  by any of the 

aforementioned procedures; however, t o  o b t a i n  t h e  desired pressure r e l i e f ,  

t s e  use of a posi t ive cutoff may be preferred,  as blanket, w e l l ,  o r  trench 

i n s t a l l a t i o n s  would probably have t o  be too  extensive f o r  economical ac- 

complishment of the desired r e s u l t s .  

generally less permeable than the  gravels and, consequently, the volume 

Free-draining sands (SW, 'SP) are  

of water t h a t  must be controlled f o r  pressure r e l i e f  i s  usually less. 
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Therefore a posit ive cutoff may not be required snd an upstream blanket, 

w e l l s ,  or a toe trench may be e n t i r e l y  effect ive.  

bination of blanket and trench or wells nay be desirable.  

s i l t y  gravels (GM), s i l t y  sands ( S M ) ,  and s i l t s  (ML) -- usually do not 

require extensive treatment; R toe  drainage trench or  well system may be 

suf f ic ien t  t o  reduce uplift pressures. 

In some cases a com- 

S i l t y  soils -- 

. .  
The more impervious s i l t y  mate- 

r i a l s  may not be permeable enough t o  permit dangerous u p l i f t  pressures 

t o  develop and i n  such cases no treatment i s  indicated. I n  general, the  

more impervious s o i l s  (GC, SC, CL, OL, MH, CB, and OH) requfre no t r e a t -  

ment f o r  control of u p l i f t  pressures.  However, they do assume *or- 

;:', i'? 
tance when they occur as a r e l a t i v e l y  t h i n  top stratum over more pervious 

materials.  

the  base of the impervious top stratum can cause heaving and formation of 

boi l s ;  treatment of the  lower layer  by some of the methods mentioned 

above i s  usually indicated in these cases. It i s  emphasized t h a t  con- 

t r o l  of u p l i f t  pressures should not be applied indis$riminately j u s t  be- 

cause cer ta in  types of s o i l s  a r e  encountered. Rather, the use of control 

measures should be based upon a careful  evaluation of conditions t h a t  do 

In such cases u p l i f t  pressures i n  the lower layers act ing on 

or can exist, and an economical solution reached t h a t  w i l l  accomplish 

the desired resu l t s .  

- Compaction character is t ics  

9. I n  column 9 of the  tab le  are  shown the general compaction char- 

a c t e r i s t i c s  of the various s o i l  groups. The evaluations given and'the 

equipment l i s t e d  a re  based on average f i e l d  conditions where proper 

moisture control and thickness of l i f t  a re  a t ta ined and a reasonable num- 

ber of passes of the compaction equipment i s  required t o  secure the 

L 
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desired density.  For l i f t  construction of embankments, the  sheepsfoot 

r o l l e r  and rubber-t ired r o l l e r  a re  commonly used pieces  of equipment. 

Sone hdvantages may be cleimed f o r  the sheepsfoot r o l l e r  i n  t h a t  it 

leaves a rough surface t h a t  affords b e t t e r  bond between l i f t s ,  and it 

kneads the  s o i l  thus affording b e t t e r  moisture d i s t r i b u t i o n .  Rubber- 

t i r e d  equipment re fer red  t o  i n  the tab le  i s  considered t o  be heavily 

loaded c o q a c t o r s  or earth-moving equipment with a minimm wheel load of 

15,000 l b  . 
the  thickness of compacted l i f t  i s  usually reduced t o  about 2 i n .  

u la r  s o i l s  with l i t t l e  or no f i n e s  generally show good compaction c h u -  

a c t e r i s t i c s ,  with the well-graded materials, GW and SW, usual ly  furnish- 

If ordinary wobble -wheel r o l l e r s  a re  used f o r  compaction, 

Gran- 

i;. 
I i  

ing b e t t e r  r e s u l t s  than the poorly-graded s o i l s ,  GP and SP. The sandy 

s o i l s  in most cases a r e  b e s t  compacted by crawler-type t r a c t o r s ;  on the 

gravelly materials rubber-t ired equipment and sometimes steel-wheel r o l l e r s  

a re  a l s o  e f fec t ive .  Coarse-grained s o i l s  with f i n e s  of low p l a s t i c i t y ,  

groups GM and SM, show good compaction charac te r i s t ics  with e i t h e r  sheeps- 

foot  r o l l e r s  o r  rubber-t ired equipment; hcwever, the  range of moisture 

contents f o r  e f fec t ive  compaction may be very narrow, and close moisture 

* 

... 

. control  i s  desirable.  This i s  a l so  generally t r u e  of the s i l t y  s o i l s  i n  

the MI, group. 

gquipment or  with sheepsfoot r o l l e r s .  

f ines ,  groups GC and SC, show f a i r  compaction charac te r i s t ics ,  although 

Soi l s  of the ML group may be compacted with rubber-t ired 

Gravels and sands with p l a s t i c  

t h i s  qua l i ty  may vary somewhat with the character and amount of f ines;  

rubber-t ired or  sheepsfoot r o l l e r s  m y  be used. Sheepsfoot r o l l e r s  a re  

generally used f o r  c o q a c t i n g  fine-grained soils. The compaction char- 

L c t e r i s t i c s  of such materials a re  variable -- l ean  clays and sandy clays 
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(CL) being the  best, fa t  clays and lean  organic c k y s  or s i l t s  (OL and CE) 

f a i r  t o  poor, and organic o r  micaceous s o i l s  (MH and OH) usual ly  poor. 

For most construction pro jec ts  of any mzgnitudc it ir highly desirzble  

t o  inves t iga te  the  compaction c h a r a c t e r i s t i c s  of the  s o i l  by means of a 

f i e l d  tes t  section. I n  column 10 of t a b l e  A 1  a r e  shown rznges of un i t  

d ry  weight of the s o i l  groups f o r  t he  standard AASHO (Proctor) compactive 

e f f o r t .  It i s  emphasized t h a t  these  values t r e  f o r  guidance only and de- 

s ign  o r  construction control  should be based on laboratory t e s t  r e s u l t s .  

S u i t a b i l i t y  of s o i l s  fo r  foundations 

10. S u i t z b i l i t y  of s o i l s  f o r  foundations of embankments o r  s t ruc -  

t u r e s  i s  primarily dependent on t h e  s t r eng th  and consolidation character-  

i s t i c s  of the  subsoi ls .  

w i l l  l a rge ly  govern the  adap tab i l i t y  of a s o i l  cs a sa t i s f ac to ry  founda- 

t i o n .  For embankments, l a rge  s e t t l e ~ c ~ n t s  may be allowed and compenssted 

f o r  by overbuilding; whereas the  allowable set t le l rent  of s t ruc tures  such 

. t: 
Here again t h e  type of s t ruc tu re  3nd i t s  use 

as cont ro l  towers, e tc . ,  may be small i n  order t o  prevent overstressing 

t h e  concrete o r  s t e e l  of which they  are b u i l t ,  or because of the  neces- 

s i t y  f o r  adhering t o  es tab l i shed  grades.  Therefore a s o i l  nay be e n t i r e -  

l y  s a t i s f ac to ry  f o r  one type of construct ion but  may require spec ia l  

treatment f o r  other types. Strength and set t lerrent  chz rac t e r i s t i c s  of 

s o i l s  are dependent upon a number of var iables ,  such a s  s t ruc ture ,  i n -  

p lace  density,  moisture content, cycles  of loading i n  t h e i r  geologic h i s -  

t o ry ,  e t c . ,  which a r e  not r ead i ly  evaluated by a c l a s s i f i ca t ion  system 

such as used here.  For these reascns only very general  statements can be 

made as  t o  the s u i t z b i l i t y  of the  various s o i l  types as foundations; t h i s  

i s  espec ia l ly  t rue  f o r  f ine-grained s o i l s .  In general, the gravels and 
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gravelly s o i l s  (GW, GP, GM, GC)  have good bearing capacity and undergo 

l i t t l e  consolidation under load. Well-graded sands ( S W )  usually have ,a 

good bearing value. Poorly-Gaded sands and s i l t y  sands (SP, Sl.1) mey 

exhib i t  variable bearing capacity depending on t h e i r  density; t h i s  i s  

t r u e  t o  some extent  f o r  a l l  the coarse-grained soils b u t  i s  espec ia l ly  

c r i t i c a l  f o r  uniformly graded s o i l s  of the SP and SM groups. Such s o i l s  

when saturated may become "quick" and present an addi t ional  construction 

problem. 

have poor bearing capacity, par t icu lar ly  where heavy s t ruc ture  loads a re  

involved. 

from a foundation standpoint, >ut  in some cases the s o i l s  may be s o f t  

and wet and exhibi t  poor bearing capacity and f a i r l y  large sett lements 

under load. Soi l s  of the  MH groups and normally-consolidated CH s o i l s  

Soi l s  of the ML group nay be subject t o  l iquefact ion and may 

O f  the  fine-grained soils, the  CL group i s  probably the bes t  

m y  show poor bearing capacity and large sett lements.  

ana OH, hsve poor bearing capacity and usually exhib i t  large sett lement 

under load. For most of the fine-grained soils discussed above, the type 

o f  s t ructure  foundation selected i s  governed by such fac tors  as the  bear- 

Organic soils, OL 

c. 

- 
ing capacity of the . so i1  and the magnitude of t h e  load. It is  possible 

t h a t  sinple spread footings might be adequate t o  carry the load without 

excessive settlement i n  many cases. If the so i l s  a r e  poor and s t ruc ture  

loads a re  r e l a t i v e l y  heavy, then a l te rna te  nethods a r e  indicated. 

f o k d a t i o n s  may be necessary in  some cases and i n  spec ia l  instances, par- 

t i c u l a r l y  i n  the case of some CH and OH s o i l s ,  it may be desirable  and 

economically feas ib le  t o  remove such s o i l s  from the foundation. Highly 

organic s o i l s ,  Pt ,  generally a re  very poor foundation mater ia ls .  These 

may be capable of carrying very l i g h t  loads but  in general a r e  unsuited 

P i l e  

. 
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f o r  most construct ion purposes. If highly organic s o i l s  occur i n  t h e .  

foundation, they  may be removed if l imi t ed  i n  ex ten t ,  they rray be dis-  

p laced  by dunping f i r E e r  s o i l s  on top,  o r  p i l i n g  may be dr iven tkocgf . .  

them t o  a s t ronger  layer ;  proper treatrcent w i l l  depend upon t h e  s t r u c t u r e  

involved. 

Graphical Presenta t ion  of S o i l s  Data 

11. It is customzry t o  present  t h e  r e s u l t s  of s o i l s  explora t ions  

on drzwings o r  p lans  8 s  schen,atic representa t ions  of the  borings o r  t es t  

p i t s  with the  s o i l s  encountered shown by various symbols. Comonly used 

hatching symbols a r e  smzll i r r e g u l a r  round symbols f o r  gravel ,  do t s  f o r  I 

sand, v e r t i c a l  l i n e s  f o r  s i l t s ,  and diagonal l i n e s  f o r  c lays .  

t i o n s  of these  symbols represent  var ious combinations of mater ia l s  found 

Combins- 

i n  the  explorat ions.  This system has been adagted t o  t h e  var ious s o i l  

groups i n  the  un i f i ed  s o i l  c l a s s i f i c a t i o n  system and the  appropriate  s p -  

b o l s  a r e  shown i n  column 4 of table A l .  As a q a l t e r n a t i v e  t o  the  hatch-  

i ng  symbols, t hey  may be  omitted and t h e  appropriate  group l e t t e r  s p b o l  

(CL, e t c . )  w r i t t e n  i n  t h e  boring log .  I n  addi t ion  t o  the  symbols on logs 

of borings,  t h e  e f f ec t ive  s i z e ,  D ~ O  (g ra in  s i z e  i n  mm correspcnding t o  

10 p e r  cent  f i n e r  by weight),  of cogse-gra ined  s o i l s  and t h e  n a t u r a l  

water content  of f ine-grained s o i l s  should be s h a m  by the  side of t he  

log .  Other desc r ip t ive  abbreviat ions may be used as deemed appropriate .  , 

In c e r t a i n  s p e c i a l  instances  t h e  use of color t o  de l inea te  s o i l  types on 

naps and drawings i s  des i rab le .  A suggested co lor  scheme t o  show t h e  

major s o i l  groups i s  descr ibed in , co lunn  5 of table A l .  
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UNIFIED SOIL CLASSIFICATION SYSTEM 

APPENDM B 

CHARACTERISTICS OF SOIL GROUPS FERTAIIJING TO 
ROADS AND AIXFIELDS 

Introduct ion 

1. The p rope r t i e s  desired i n  s o i l s  f o r  foundations under mads  

and a i r f i e l d s  and f o r  base courses under f lexible  pavements are: 

quate s t r eng th ,  good compaction c h a r a c t e r i s t i c s ,  adequate drainage, r e -  

s i s t ance  t o  f ros t  ac t ion  in areas  where f r o s t  is a f ac to r ,  and acceptable  

cGmpression end expansion cha rac t e r i s t i c s .  

i f  inadequate in  t h e  s o i l s  ava i lab le ,  may be suppl ied by proper construc-  

t i o n  methods. 

a r e  des i r ab le ,  b u t  if such materials a r e  n o t  ava i l ab le  loca l ly ,  adequate 

drainage may be obtained by i n s t a l l i n g  a p rope r ly  designed water c o l l e c t -  

ing  system. 

mediately under the pavement of a f l e x i b l e  pavement s t ruc tu re ,  a r e  high and 

only good q u a l i t y  mater ia l s  a r e  acceptable.  

subgrade materials may be compensated f o r  i n  many cases by increas ing  

t h e  th ickness  of overlying concrete pavement o r  of base materials i n  

f l e x i b l e  pavement construct ion.  Frcm the  foregoing brief discussion,  it 

may be seen t h a t  t h e  proper design of r e a d s  and a i r f i e ld  pavements r equ i r e s  

t h e  eva lua t ion  of s o i l  p roper t ies  in more d e t a i l  than is  possible  by use 

of t h e  genera l  s o i l s  c l a s s i f i c a t i o n  system. 

s o i l s  i n  the c l a s s i f i c a t i o n  system is such t h a t  a genera l  i nd ica t ion  of 

ade- 

Cer t a in  of these p rope r t i e s ,  

For instance,  materials having good drainage c h a r a c t e r i s t i c s  

S t rength  requirements fo r  base course materials, t o  be used i m -  

Hcwever, low s t rengths  i n  

However, t he  grouping of 

t h e i r  behavior i n  rcad and a i r f i e l d  cons t ruc t ion  may be obtained. 

Fea tures  Shown on S o i l s  C l a s s i f i c a t i o n  Sheet 

2. General c h a r a c t e r i s t i c s  of t he  s o i l  groups pe r t inen t  t o  r a d s  

and a i r f i e l d s  are presented i n  t ab le  B1. Columns 1 through 5 show major a 
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s o i l  divis ions,  group symbols, hatching and color symbols; column 6 gives 

names of s o i l  types; column 7 evaluates the performance (s t rength)  of the 

s o i l  groups when used a s  subgrade mater i t l s  t h a t  w i l l  not be subject t o  

f r o s t  act ion;  column 8 and column 9 make a similar evaluetion f o r  the 

soils when used a s  subbase and base materials;  po ten t ia l  f r o s t  action is 

shown i n  column 10; compressibility and expansion charac te r i s t ics  a re  

shown i n  column 11; column 12 presents drainage charac te r i s t ics ;  column 

13  shows types of ccrnpaction equipment t h a t  perform s a t i s f a c t o r i l y  on 

the  various s o i l  groups; column 14 shows ranges of u n i t  dry weight f o r  

compacted s o i l s ;  column 15 gives ranges of t y p i c a l  California Bearing 

Rat io  (CBR)  values; and column 16 gives ranges of modulus of subgrade 

react ion ( k ) .  

lowing paragraphs. 

The various features  presented a r e  discussed i n  the f o l -  

Subdivision of 
coarse-grained s o i l  groups 

3 .  It w i l l  be noted in column 3, l e t t e r  symbols, t h a t  the basic 

s o i l  groups, GM and SM, have each been subdivided i n t o  two,groups desig- 

nated by the suffixes d and u which have been chosen t o  represent desir-  

able and l e s s  desirable (undesirable) base mater ia ls ,  respectively.  This 

subdivision applies t o  roads and a i r f i e l d s  only and i s  based on f i e l d  ob- 

servat ion and laboratory tests on the behavior of the s o i l s  i n  these 

groups. 

index of the fract ion of the s o i l  passing the No. 40 sieve.  

d is  used when the l iquid l i m i t  i s  25 or less and the p l a s t i c i t y  index 

is 5 or less; the suff ix  u i s  used otherwise. 

in these groups a r e  Glild and SMu, e t c .  

Basis f o r  the subdivision is  the l iquid l i m i t  and p l a s t i c i t y  

- .  The suff ix  

~ Typical symbols for  s o i l s  

Values of soils a s  subgrade, 
subbase, or base materials 

4. The descriptions i n  columns 7, 8, and 9 give a general indica- 

t i o n  of t h e  s u i t a b i l i t y  of t h e  s o i l  groups for use as subgrades, subbase, 

o r  base materials, provided they arc not subject  t o  f r o s t  act ion.  

areas  where frost  heaving is a problem, the value of materials as sub- 

grades or  subbases w i l l  be reduced, depending on the poten t ia l  f r o s t  

ac t ion  of the material, as sham i n  column 10. 

I n  

Proper design procedures 
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should be used i n  s i t ua t ions  where t h i s  i s  a problem. The coarse-grained 

s o i l s  i n  general a r e  the  bes t  subgrade, subbase, and base mater ia ls .  The 

GI.] group has excel lent  qua l i t i e s  a s  a subgrade and subbase, and is  good 

a s  base material .  It i s  noted t h a t  the adject ive "excellent" is not 

used for  any of the s o i l s  f o r  base courses; it i s  considered t h a t  the  

adject ive "excellent" should be used i n  reference t o  a high qua l i t y  

processed crushed stone. Poorly-graded gravels and some s i l t y  gravels,  

groups GP and GMd, a r e  usual ly  o n l y  s l i g h t l y  l e s s  desirable  a s  subgrade 

or subbase materials,  aad under favorable conditions may be used as base 

materials f o r  c e r t a i n  conditions; however, poor gradation and other  f a c t o r s  

scnetimes reduce the  value of such soi ls  t o  such extent  t h a t  they o f fe r  

only moderate s t rength  and therefore  t h e i r  value as a base mater ia l  is 

less .  The GNU, GC, and SW groups are reasonably good subgrade mater iz ls ,  

but a r e  generally poor t o  not su i t ab le  as bases. The SP and SMd s o i l s  

usual ly  a re  considered f a i r  t o  good subgrade and subbase mater ia ls  bu t  

in general a r e  poor t o  not su i t ab le  f o r  base mater ia ls .  

s o i l s  a re  f a i r  t o  poor subgrade and subbase mater ia ls ,  and a r e  not  suit-  

able  f o r  base mater ia ls .  The fine-grained s o i l s  range fran f a i r  t o  very 

poor subgrade mater ia ls  as follows: 

f a i r  t c  poor; organic s i l ts ,  lean organic clays,  and micaceous or d ia to -  

maceous s o i l s  (OL and MH),  poor; f a t  c lays  and f a t  organic clays (CH and 

OH), poor t o  very poor. These q u a l i t i e s  a re  compensated f o r  i n  f l e x i b l e  

pavement design by increasing the  thickness of overlying base mater ia l ,  

and i n  r i g i d  pavement design by increasing the  pavement thickness o r  by 

the  addition of a base course layer .  None of t he  fine-grained s o i l s  a r e  

su i tab le  a s  subbase or base mater ia ls .  The f ibrous  organic soils (group 

P t )  a re  very poor subgrade mater ia ls  and should be removed wherever pos- 

s i b l e ;  otberwise, spec ia l  construction measures should be adopted. They 

a r e  not su i tab le  a s  subbase and base materials. The California  Bearing 

Rat io  (CER) values shown in column 15 give a r e l a t i v e  indicat ion of the  

s t rength  of the various s o i l  groups a s  used i n  f l e x i b l e  pavement design. 

Similarly,  values of subgrade modulus ( k )  in column 16 a re  r e l a t i v e  i n -  

dicat ions of s t rengths  from plate-bearing t e s t s  a s  used in r i g i d  pavement 

design. As these t e s t s  are used fo r  t he  design of pavements, a c t u a l  

The SMu and S C  

s i l t s  and lean clays (ML and CL), 
I 
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t e s t  values should be used f o r  t h i s  purpose ins tead  of t h e  approximate 

values shown i n  t he  tabulat ion.  

5 .  For wearing surfaces  on unsurfaced roads sand-clay-gravelmix- 

tu re s  (GC) e r e  genera l ly  considered the  most s a t i s f ac to ry .  However, they  
should not  contain t o o  l a rge  a percentage of f i n e s  and the  p l a s t i c i t y  in- 

dex should be in t h e  range of 5 t o  about 15. 
Poten t i a l  f r o s t  a c t i o n  

- 

6. The r e l a t i v e  e f f e c t s  of f r o s t  ac t ion  on the  various s o i l  groups 

a r e  shown i n  column 10. 

various s o i l  groups two conditions must be present  simultaneously before  

f r o s t  a c t i o n  w i l l  be a major consideration. These a r e  a source of water 

during the  f reez ing  period and a s u f f i c i e n t  period f o r  t he  f reez ing  tem- 

perature  t o  pene t ra te  the  ground. 

i c e  lenses  may become ava i lab le  from a high ground-water tab le ,  c a p i l l a r y  

supply, water held within the  soil voids, or through i n f i l t r a t i o n .  

degree of i c e  formation t h a t  w i l l  occur i n  any given case i s  markedly i n -  

fluenced by environmental fac tors  such a s  topographic pos i t ion ,  s t r a t i f i -  

ca t ion  of t h e  parent  s o i l ,  t r a n s i t i o n s  i n t o  cu t  sec t ions ,  l a t e r a l  flow 

of water from s i d e  cu ts ,  local ized pockets of perched ground water, and 

drainage condi t ions.  I n  general ,  the  si l ts  and f i n e  s i l t y  sands a r e  the  

worst offenders  a s  f a r  a s  f r o s t  is concerned. Coarse-grained mater ia l s  

with l i t t l e  o r  no f ines  are affected only s l i g h t l y  i f  a t  a l l .  

and CX) are subject to frost act ion,  bu t  t he  loss of s t r eng th  of such 

mater ia l s  may not be a s  great as f o r  s i l t y  s o i l s .  

t a i n i n g  less than t h r e e  per  cent  of gra ins  f i n e r  than 0.02 mm i n  diameter 

Regardless of t he  f r o s t  s u s c e p t i b i l i t y  of the  

Water necessary f o r  t h e  formation of 

The 

Clays (CL 

Inorganic s o i l s  con- 

by weight are genera l ly  nonfrost-suscept ible .  

s o i l s  a r e  encountered i n  subgrades and f r o s t  is a d e f i n i t e  problem, t w o  

hcceptable methods- of design of pavements a r e  ava i l ab le .  E i the r  a suf -  

f i c i e n t  depth of acceptable  granular mater ia l  is placed over t he  soils 

Where f ros t - suscept ib le  

t o  prevent f reez ing  in the  subgrade and thereby prevent the  detr imental  

e f f e c t s  of f r o s t  ac t ion ,  o r  a reduced depth of granular mater ia l  i s  used, 

%hereby allowing f reez ing  i n  the  subgrade, and design I s  based on the  

reduced s t r eng th  of t he  subgrade during the  frost-melt ing period. I n  

many cases  appropriate  drainage measures t o  prevent the  accumulation of 



water i n  the s o i l  pores w i l l  he lp  t o  diminish ice segregat ion i n  the sub- 

grade and subbase. 

Ccmpressibi l i ty  and expansion 

7. These c h a r a c t e r i s t i c s  of s o i l s  may be of two types insofar  as 

t h e i r  a p p l i c a b i l i t y  t o  road and runway design is  concerned. 

is t h e  r e l a t i v e l y  long-term compression o r  consol ida t ion  under the dead 

weight of the s t ruc tu re ,  and t h e  second i s  t h e  short- term ccmprossion 

and rebound under moving wheel loads.  The long-term consol ida t ion  of 

s o i l s  becomes a f ac to r  i n  design pr imar i lywhen heavy f i l l s  a r e  made on 

compressible s o i l s .  

se t t lement  during construct ion it w i l l  have l i t t l e  inf luence on the  load- 

car ry ing  capaci ty  of the  Davement. 

t o  compression and rebound under wheel load a r e  encountered, adequate 

p ro tec t ion  must be provided, as even small movements of t h i s  type s o i l  

may be de t r imenta l  t o  t h e  base and wearing course of pavements. It is 

fo r tuna te  t h a t  the free-draining,  coarse-grained s o i l s  (Gkl ,  GP, SW, and 

SP), which i n  general  make t h e  best subgrade and subbase materials, ex- 
h i b i t  almost no tendency t m a r d  high compress ib i l i ty  or expansion. I n  

general ,  the  compress ib i l i ty  of s o i l s  increases  wi th  increas ing  l i qu id  

l i m i t .  The foregoing is not ccmpletely t rue ,  as compress ib i l i ty  i s  a l s o  

influenced by s o i l  s t ruc tu re ,  grain shape, previous loading h is tory ,  and 

o the r  f a c t o r s  t h a t  are not evaluated i n  the c l a s s i f i c a t i o n  system. Un- 

des i r ab le  compress ib i l i ty  o r  expansion c h a r a c t e r i s t i c s  may be reduced by 

d i s t r i b u t i o n  of load through a greater thickness  of overlying mater ia l .  

This, i n  general ,  i s  adequately handled by t h e  G3R method of design f o r  

f l e x i b l e  pavements ; however, r i g i d  pavements may r equ i r e  the  addi t ion  of 
a n  acceptable  base course under t h e  pavement. 

Drainage charac te r  is t ics 

The f i rs t  

If adequate provis ion i s  made f o r  t h i s  type of 

However, when e l a s t i c  s o i l s  subjec t  

8. The drainage c h a r a c t e r i s t i c s  of soils are a d i r e c t  r e f l e c t i o n  

of  t h e i r  permeabili ty.  

use i n  roads and runways is  s h a m  in column 12. The presence of moisture 

i n  base, subbase, and subgrade mater ia l s ,  except f o r  f ree-draining,  coarse - 
grained soi ls ,  may cause t h e  development of pore water pressures  and loss  

of s t rength .  The moisture may come from i n f i l t r a t i o n  of r a i n  water or  by 

The eva lua t ion  of drainage c h a r a c t e r i s t i c s  f o r  

I 
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capi l la ry  r i s e  from an underlying water t a b l e .  

t e r i a l s  permit rapid draining of water, they permit rapid ingress of 

water a l so ,  and i f  such materials a r e  adjacent t o  l e s s  pervious materials 

and have free access t o  w a t e r  they may serve as reservoirs  t o  saturate 

the  l e s s  pervious materials. 

stances adequate drainage systems should be provided. 

sandy s o i l s  with l i t t l e  or no f i n e s  (groups GW, GP, SW, and SP) have ex- 
ce l len t  drainage charac te r i s t ics .  The Qvld and SMd groups have f a i r  t o  

poor drainage charac te r i s t ics ,  whereas the  GMu, GC, SMu, and SC groups 

m a y  be prac t ica l ly  impervious. 

f a i r  t o  poor drainage charac te r i s t ics .  

drainage charac te r i s t ics  or are  p r a c t i c a l l y  impervious. 

Compact ion e quipme nt 

While free-draining ma- 

It i s  obvious, therefore ,  t h a t  i n  most in-  

The gravelly and 

S o i l s  of t h e  ML, MH, and Pt groups have 

A l l  of the other groups have poor 

9. The compaction of s o i l s  f o r  roads and runways, especial ly  f o r  

t h e  l a t t e r ,  requires tha t  a high degree of densi ty  be at ta ined a t  the 

time of construction in order t h a t  detrimental  consolidation w i l l  not 

take place under t r a f f i c .  

are lessened i n  cases where saturat ion o r  near saturat ion takes place. 

Processed materials,  such as crushed rock, a r e  of ten used as base course 

and such materials require special  treatment i n  compaction. Types of 

canpaction equipment t h a t  will usually produce the desired dens i t ies  are 

shown in column 13. It may be noted t h a t  several  types of equipment are  

In addition, t h e  detrimental  e f fec ts  of water 

l i s t e d  for  some of the s o i l  groups; t h i s  i s  because var ia t ions in s o i l  . . 

type within a given group may require t h e  use of d i f fe ren t  equipment. 

I n  some cases more than one type of equipment may be necessary t o  produce 

t h e  desired densi t ies .  Steel-wheeled r o l l e r s  are recommended f o r  angular 

materials w i t h  l imited amounts of f i n e s ,  crawler-type t r a c t o r s  or  rubber- 

t i r e d  r o l l e r s  f o r  gravels and sands, and sheepsfoot r o l l e r s  f o r  coarse- 

grained or  fine-grained s o i l s  having some cohesive qua l i t i es .  Rubber- 

t i r e d  r o l l e r s  are  a lso recammended f o r  final compaction operations f o r  

most s o i l s  except those of high l i q u i d  l i m i t  (group H). Suggested mini- 

mum weights of t h e  various types of equipment are shown i n  note .2  of the 

tab le .  

pacted according t o  t e s t  method 100 (CE 55 canpaction e f f o r t ) ,  

- _  

I n  column 14 are  shown ranges of uni t  dry weight f o r  s o i l s  com- 

I 



MIL-STD-~ZU. These values are  included primarily f o r  guidance; design 

or  control of construction should be based on t e s t  resu l t s .  

Graphical Presentation of Soi ls  Deta 

10. It is' customary t o  present the r e s u l t s  of soils explorations 

on drawings as schematic representations of the borings or t e s t  p i t s  or 

on s o i l  p rof i les  with the various s o i l s  encountered shown by appropriate 

symbols. 

wri t ten in the appopr ia te  sect ion of the log. 
ing symbols shown i n  column 4 of tab le  B1 m y  be used. 

natural  water content of fine-grained soils should be shown along the 

side of the log. 

appropriate. 

soil types on maps and drawings i s  desirable.. A suggested color scheme 

t o  show the major soil groups i s  described i n  column 5 of tab le  B1. 

As one approach, t h e  group l e t t e r  symbol (CL, e t c . )  may be 

As an al ternat ive,  hatch- 

I n  addition, the 

Other descriptive abbreviations may be used as deemed 

In cer ta in  special  instances the use of color t o  delineate 

I 



Designation: D 422 - 63 (Reapproved  1972)'' w! 
Standard Method for 
Particle-Size Analysis of Soils' 

This standard is issued under the fixed designation D 422: the numbcr immediately following thc dcsigna~ion indicates the year of 
original adoption or, in the CJX of revision. the ycar oflm revision. A n u m k r  in parcnthcses indintcs thc ?car of 1st mpproval. A 
supencnpt epsilon (t) indicates an editorial change s i n a  the hsI revision or rc3pproval. 

" SoTE-kion 2 was added editorially and subscqocnt sections renumkred in July 1984. 

I .  Scope 
1.1 This method covers the quantirative determination of 

the distribution of particle sizes in soils. The distribution of 
particle sites larger than 75 pm (retained on the NO. 200 
sieve) is determined by sieving, while the distribution of 
panicle sizes smaller than 75 pm is determined by a 
sedimentation process, using a hydrometer to secure the 
necessary data (Notes 1 and 2). 

NOTE I-Separction may be made on the No. 4 (4.75-mm). NO. 40 
(42S-pm), or No. 200 ( 7 5 3 4  sieve instead of the No. IO. For whatever 
sieve used. the size shall be indicated in the report. 

NOTE ?-Two types of dispersion devices are provided: ( I )  a 
high-speed mechanical stirrer. and (2) air dispersion. Extensive investi- 
gatiorls indicare thar irdispersion devices produce a more positive 
dispersion of plastic soils below the 20-pm size and appreciably less 
degradation on all sizes when used with sandy soils. Because of the 
definite advantages favoring air dispemon. its use is recommended The 
results from the two types of devices differ in magnitude. depending 
upon soil type. leading to marked differences in panicle size distribu- 
tion. especially for sizes finer than 20 pm. 

2. Referenced Documents 

2.1 ASTM Standards: 
D421 Practice for Dry Preparation of Soil Samples for 

Particle-Sire Analysis and Determination of Soil 
Constants 

E 1 1  Specification for Wire-Cloth Sieves for 'Testing 
Purposes3 

E 100 Specification for ASTM.Hydrometen4 

-. . 3. Apparatus 
3.1 Balances-A balance sensitive to 0.01 g for weighlng 

the material passing a No. 10 (2.00-mm) sieve. and a balance 
sensitive to 0.1 '% of the mass of the sample to be weighed for 
weighing the material retained on a No. IO sieve. 

3.2 Slirring Appurams-Either apparatus A or B may be 
used. 

3.2.1 Apparatus A s h d  consist of a mechanically oper- 
ated stirring device in which a suitably mounted elmric 
motor turns a vertical shah ar a speed of not less than 10 OOO 
rpm without load. The shaft shall be equipped with a 

' This method is under the jurisdiction of ASTM Committee D-18 on Soil and 
R o c k  and is the d i m  responsibility of Subcommittee D18.03 on Tex~urc. 
P~UIicitv. and Densicv ClurJacristicr of  Soils. 
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replaceable stirring paddle made of metal. plastic. or hard 
nibber. as shown in Fig. I .  The shaft shall be of such length 
that the stining paddle will operate not less than Y4 in. (19.0 
mm) nor more than 11/2 in. (38.1 mm) above the bottom of 
the dispersion cup. A special dispersion cup conforming to 
either of the designs shown in Fig. 2 shall be provided to hold 
the sample while it is being dispersed. 

3.2.2 Apparatus B shall consist of an air-jet dispersion 
cup' (Note 3) conforming to the general details shown in Fig. 
3 (Notes 4 and 5). 

NOTE 3-The amount of air required by an air-jet dispersion cup is 
of the order of 2 ft3/min: some small air compressors are not capable of 
supplying suficient air to operate a cup. 

NOTE &Another air-type dispersion device. known as a dispersion 
tube, developed by Chu and Davidson at Iowa State College, has been 
shown to give results equivalent to those secured by the air-jet dispersion 
cups. When it is used. soaking of the sample can be done in the 
sedimentation cylinder. thus eliminating the teed for uamfemng the 
slurry. When the airdispersion tube is used. it shall be so indicated in 
the report. 
NOTE 5-Water may c o n d e w  in air lines when not in use. This 

water must be removed. either by using a water uap on the air line, or by 
blowing the water out of the line before using any of the air for 
dispersion pulposes. 

, 

3.3 Hydromerer-An ASTM hydrometer, graduated to 
read in either specific gravity of the suspension or g a m s  per 
Litre of suspension. and conforming to the requirements for 
hydrometers 15 I H or 152H in Specifications E 100. Dimen- 
sions of both hydrometers are the same. the scale being the 
only item of difference. 

3.4 Sedimenrarion Cylinder--A glass cylinder essentially 
18 in. (457 mm) in height and 3% in. (63.5 mm) in diameter. 
and marked for a volume of 1000 mL. The inside diameter 
shall be such that the 1000-mL mark is 36 f 2 cm from the 
bottom on the inside. 

3.5 Thermomeier-A thermometer accurate to I'F 
(0S0C). 
. 3.6 Sieves-A series of sieves. of square-mesh woven-wire 
cloth, conforming to the requirements of Specification E 1 1. 
A full set of sieves includes the following (Note 6): 

' Dcuiicd working dnwingr for ;his cup am avaihble at a nominal cost from 
the American Society for Toting and Materials 1916 Raa SI.. Philadelphia. PA 
19103. Order Adjunct No. IZ-U)4?2oM). 



3-in. (75-mm) 
2-in. (SO-mm) 
~'h-in.  (37.5-mm) 
I-in. (15.0-mm) 
%-in. (19.0-mm) 
%-in. (9.5-mml 
NO. 4 (4.75-mm) 

$)/ D422 

- t ( ,  h' 
I \  

1 
LNo.18 8 W  Go =0.049' 

Metric Equivalents 

in. 0.001 0.049 0.203 'h Y. 
mm 0.03 124 5.16 12.7 19.0 

FIG. 1 Detail of Stirring Paddles 

No. IO (2.00-mm) 
No. 20 (850-fim) 
No. 40 (425-pm) 
No. 60 (150ym) 
No. I 4 0  (106-pm) 
No. 200 (75ym) 

o n  I A  set of sieves giving uniform s p a n g  of points for the 
h, as required in Section 17, may be used if desired. This set co& 

3-in. (75-mm) 
1%-in. (37.5-mm) 
Vein. (19.0-mm) 
s i n .  (9.5-mm) 
No. 4 (4.75-mm) 
No. 8 (2.36-mm) 

No. 16 (I:18-mrn) 
No. 30 (6o+rn) 
No. 50 (3OO-jirn) 
No. 100 (150+11n) 
No. 200 (75pm) 

3.7 Waier Bath or Consranr-Temperarure Room -A 
water bath or constant-temperature room for maintaining 
the soil suspension at a constant temperature during the 
hydrometer analysis. A satisfactory water tank is an insulated - . tank that maintains the temperature of the suspension at a 
convenient constant temperature at or near 68'F (20'C). 
Such a device is illustrated in Fig. 4. In cases where the work 
is performed in a room at an automatically controlled 
constant temperature, the water bath is not necessary. 

3.8 Beaker-A beaker of 250-mL capacity. 
3.9 Timing Device-A watch or clock with a second 

hand. 

4. Dispersing Agent 
4.1 A solution of sodium hexametaphosphate (sometimes 

called sodium metaphosphate) shall be used in distilled or 
demineralized water, at the ra1e of 40 g of sodium 
hexametaphosphate/litre of solution (Note 7). 
NOTE 7-Solutions of this salt. if acidic. slowly reve~  or hydrolyre 

to the onhophosphate form with a resultant dcncasc in dspcnive 
n. Solutions should be pnparcd frequently (at least once a month) d)  adjusted to pH of 8 or 9 by means of sodium carbonate. Botda 

containing solutions should have the date of preparation marked on 
them. 

4.3 All water used shall be either distilled or 
demineralized water. The water for a hydrometer test shall 

- 3 75"dbm 
I L 

Metric Equivakmts 

in. 1.3 2 6  3.75 
m -  33 ' 6 6  95.2 

FIG. 2 Dispersion Cups of Apparatus 

be brought to the temperature that is expected to prevail 
during the hydrometer test. For example, if the sedimenta- 
tion cylinder is to be placed in the water bath, the distilled or 
demineralized water to be used shall be brought to the 
temperature of the controlled water bath; or, if the sedimen- 
tation cylinder is used in a room with controlled tempera- 
ture, the water for the test shall be- at the temperature of the 
room. The basic temperature for the hydrometer test is 68'F 
(20'C). Small variations of temperature do not introduce 
differences that are of practical significance and do not 
prevent the use of corrections derived as prescribed. 

. 88 1 



CROSS SECTION 
C U P  1 

I 
)CI.LIT 
- - WCOIC 

W A  C R O S  SECTION 
CUP e 

RG. 3 AirJel Dispersion Cups of Apparatus B 

5. Test Sample 
5.1 Prepare the test sample for mechanical analysis as 

outlined in Practice D 421. During the preparation proce- 
dure the sample is divided into two portions. One ponion 
contains only panicles retained on the No. 10 (2.00-mm) 
sieve while the other portion contains only particles passing 
the No. 10 sieve. The mass of airdried soil selected for 
purpose of tests, as prescribed in Practice D 421, shall be 
suficient to yield quantities for mechanical analysis as 
follows: 

5.1.1 The size of the portion retained on the No. 10 sieve 
shall depend on the maximum size of particle, according to 
the following schedule: 

Nominal Diamcla  of 
Larga~ Panicles 

in. (mm) 

'18 (9.5) 
'14 ( 19.0) 

I (25.4) 
I'h (38.1) 
2 (50.8) 
3 (76.2) 

Approximale Minimum 
Mass of Ponion. g 

500 
1000 
2000 
3000 
4Ooo 
5000 

5 . 1 2  The size of the portion passing the No. 10 sieve shall 
be approximately 1 15 g for sandy soils and approximately 65 
g for silt and clay soils. 
5.1 Provision is made in Section 5 of Practice D 421 for 

weighing of the airdry soil selected for purpose of tests, the 
Wantion of the soil on the No. 10 sieve by dry-sieving and 
washing, and the weighing of the washed and dried fraction 
retained on the No. 10 sieve. From these two masses the 
Percentages retained and passing the No. 10 sieve can be 
Qlculated in accordance with 12.1. 

NOTE 8-A check on the mass values 3nd the thoroughness of 
Puknzation of the clods may bc secured by weighing the ponion 
w i n g  the No. 10 sieve and adding this value 10 the mass ofthe washed 
m d  owndried ponion retained on the No. 10 sieve. 

SIEVE ANALYSIS OF PORTION RETAINED ON NO. 10 
(2M)-mrn) SIEVE 

6* Procedure 
6.1 Sepante the ponion retained on the NO. 10 ( 2 . 0 -  

mm) sieve into a series of fractions using the 3-in. (75-mrn). 

Me& Equivalents 

in. '18 1 3 6% 14 37 
mm 222 25.4 762 158.2 356 940 

flG. 4 Insulated Water Bath 

?-in. (SO-mm), l'h-in. (37.5-mm), I-in. (25.0-mm), %-in. 
(19.0-mm), H-in. (9.5-mm), No. 4 (4.75-mm), and No. 10 
sieves. or as many as may be needed depending on the 
sample. or upon the specifications for the material under 
test. 

6.2 Conduct the sieving operation by means of a latenl 
and vertical motion of the sieve. accompanied by a jamng 
action in order to keep the sample moving continuously over 
the surface of the sieve. In no case turn or manipulate 
fragments in the sample through the sieve by hand. Continue 
sieving until not more than 1 mass% of the residue on a 
sieve passes that sieve during 1 min of sieving. When 
mechanical sieving is used. test the thoroughness of sieving 
by using the hand method of sieving as described above. 

6.3 Determine the mass of each fraction on a balance 
conforming to the requirements of 3.1. At the end of' 
weighing, the sum of the masses retained on all the sieves 
used should equal closely the original mass of the quantity 
sieved. 



HSDRO&lEl€R A N D  SIE\'E ANALYSIS O F  I"3RTION 
PASSING THE NO. 10 (1.00-rnm) SIEVE 

7. Determination of Composite Correction for Hydrometer 

7.1 Equations for percentages of soil remaining in suspen- 
sion. z given in 14.3. are based on the use of dinilled or 
demineralized water. A &persing agent is used in the water. 
however. and the specific gravity of the resulting liquid is 
appreciably W t e r  rhan that of disulled or demineralized 
water. 

7.1.1 Both soil hydrometers are calibrated at 66'F (?o'c), 
and variations in temperature from this sundard 'tempera- 
ture produce inaccuracies in the acrual hydrometer mding.  
The amount of the inaccuracy increases as the variation 
from tne standard temperature increases. 

7.1.7 Hydrometers are pdua ted  by the manufacturer to 
be read at the bottom of the meniscus formed by the liquid 
on the stem. Since it is not possible to secure main@ of soil 
suspensions at the bottom of the menism. m d i n g  must be 
taken at the top and a c o d o n  applied. 

7.1.3 The net amount of the corretfions for the three 
items enumerated is designated as the composite correction. 
and may be determined experimentally. 

7.2 For convenience. a -mph or table of composite 
co&ons.for a series of I' tempenture diffexnces for the 
range of expected test temperatures may be prcparcd and 
used as needed. Measuremenr of the composite c o d o m  

made at two temperatures spanning the range of 
ed ten temperatures. and corrections for the interme- 

pektures dcuiated assuming a straight-line rda- 
tionship between the two observed values. 

7.3 Prepare 1000 mL of liquid composed of distilled or 
demineralized water and dispersing agent in the same 
propomon as will prevail in the sedimentaaon (hydromerer) 
test. Place the Liquid in a sedimentation cyclinder and the 
cylinder in  the consunt-temperature water bath. set for one 
of the two temperatures to be used. When the tempenture of 
the liquid becomes constanr. insen the hydrometer, and 
after a shon interval to permit the hydrometer to come to the 
tempenture of the liquid r u d  the hydrometer at the top of 
the meniscus formed on the nem. For hydrometer 15 1 H the 
composite c o m t i o n  is the difference between t h i s  ruding 
and one: for hydromerer 157H it is rhe difference beyeen 
the reading and zero. Bring the liquid and the hydrometer to 
the other tempenture to be used. and secure the composite 
correction as before. 

Reading 

e. . 

8. Hygroscopic Moisture 
8.1 When the sample is weighed for the hydrometer t a t  

weigh our an auxiliary portion of from 10 to 15 g in a small 
metal or glass container. dry the sample to a c o n m t  mus'in 
an oven at 730 2 9'F ( 1  10 2 YC). and weigh a&n. Record 
the masses. 

9. Dispersion of Soil Sample 
9.1 When the soil is mody of the clay and silt Sit& weigh 8 ut a sample of airdry soil ofapproximxely 50 g When the 

soil is mostly sand the umple should be approximately 100 
g. 

9.7 Place rhe s3mplr in the 250-mL b e k :  3nd covcr wih 
125 mL of sodium h e s a r n e ~ ~ n o s p h ~ ~ e  soiurion (40 g/L), 
Stir u n d  the soil is thoroughly w e n d  Allow to soak for at 
leas 16 h. 

9.3 At the end of the soaking period disperse the sample 
further, using either nimng appamtu~ A or B. If stiring 
a p p m t u  A is used, mnsfer the soil - water slurry from the 
beaker into the special dispenion cup shown in Fig 2, 
washing any residue from the M e r  into the cup with 
dinilled or deminedized water'(Note 9). Add distilled or 
demineralized water. if necesary, SO that the cup is m o r  
than half full. Stir for a period of 1 min. 

NOTE 9--A @e s i x  syringe is a convenient device for hvldling t h c  
waur in the washing opmtion. orhcr devim indude the-wash-wam 
bonle and a hose with n o d e  connected 10 a prasunzed dinilled wam 
lank 

9.4 If sdrring apparatus B (Fig 3) is used remove the 
cover u p  and m n n m  the cup to a compressed air supply by 
mans  of a rubber hose. A air gage mun be on the lint 
between the cup and the control valve. Open the conmi 
valve so that the gage indiutes 1 psi (7 kPa) prruurc (Note 
IO). Transfer the soil - water slurry from the beaker to the 
air-jet dispersion cup by washing with distilled or 
demineralized water. Add M e d  or demineralized water, if 
necasary, so that the toral volume in the cup is 350 mL. but 
no more. 

NOTE IQThcinitialairprrsnrrcofl psiis'rcquirrdtoprcvcntt!x 
soil - warn mixture from enming the air-ja chamber when the mixrurc 
is uansfenul IO the dispamon cup. 

9.5 Place the cover u p  on the cup and open the air 
control valve until the gage pressure is 20 psi (140 kPa). 
Dispme the soil according to the following schedule: 

Soils conraining large percenrages of mica need be dispened 
for only 1 min. After the dispenion per id  reduce the gage 
pressure to 1 psi preparatory to transfer of soil - water slurry 
to the sedimentation cylinder. 

10. Hydrometer Test 
10.1 Immediately after dispmion. w f e r  the soil - water 

slurry to the glvs sedimentation cylinder, and add W e d  
or demindized water until the total volume is 1000 mL 

10;2 Using the palm of the hand over the open end of the 
cyiinder (or a rubber stopper in the open end), turn the 
cylinder upside down and back for a period of I min to 
complete the agitation of the slurry (Note 1 1). At the end of 
1 min set the cylinder in 3 convenient loution and take 
hydrometer rudinp 31 the following intervals of time 
(measured from the beginning of sedimentation), or Y many 
y may be needed. depending on the sunpie or the specifica- 
tion for the marerial under ten: 2. 5. 15. 30. 60. 150. and 
1440 min. If the controlled mter bath is wd the sedimen- 
tation cylinder should be plactd in the bath beween the 2- 
and 5-min rud ingr  

NOTE 11-The number of turns during this minute should bc 
approximrdy 60. countingxhc turn upside down and back Y two tu= 
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ins x%l rcmainin:: in :he txmoin of ;hc q:lindcr durinq rhc fin fcw 
, U I n ~  ;houlJ tx !o,yLnLj !;Y viy,w:s :hlhz: of I!ic q;iizdL:. tviiiic i: is 
,n thc invcncd position. 

10.3 When it is desired to u k e  3 hydrometer mding, 
mefully insert the hydrometer about 20 to 25 s before the 
reading is due to approximately the depth it will have when 
the reading is taken. As soon as the rading is taken. carefully 
remove the hydrometer and place it with a spinning motion 
in a graduate of clean distilled or demineralized water. 

NOTE I2--1t is imponant IO remove thc hydromaa immediatdy 
liter a c h  r u d i n g  Rudings shall tx ukcn 31 the top ofthe meniscus 
iormcd by the suspension around rhc sfem. since i r  is nor posY’Olc to 
muZ =dings ai rhc bonom of the meniscus. 

10.4 After each reading, take the temperature of the 
suspension by inserting the thermometer into the suspen- 
sion. 

11. Sieve Analysis 
11.1 After takjng the final hydrometer reading, transfer 

the suspension to a No. 200 (75-pm) sieve and wash with UP 
water until the wash water is clear. Transfer the m a t e d  on 
the No. 200 sieve to a suitable container, dry in an oven at 
730 2 9’F ( 1  10 k 5°C) and make a sieve analysis of the 
portion retained. using as many sieves as desired. or required 
for the material. or upon the specification of the material 
under test. 

GUCULATIONS AND REPORT 

12. Sieve Analysis Values for the Portion Coarser than the 

12.1 Calculate the percentage passing the NO. 10 sieve by 
dividing the mass passing the No. 10 sieve by the m a s  of soil 
onginally split on the No. 10 sieve. and multiplying the result 
by 100. To obtain the m a s  passing the No. 10 sieve, subtraa 
the mass rerained on the No. 10 sieve from the original mass. 

12.2 To secure the total mass of soil passing the NO. 4 
(4.75-rnm) sieve. add to the mass of the material passing the 
NO. 10 sieve the m;iss ofthe fraaion passing the No. 4 sieve 
and rerained on the No. 10 sieve. To secure the total mas of 
soil passing the ?&in. (9.5-rnm) sieve, add to the total mass of 
Soil passing the No. 4 sieve. the mass of the fraction pasing 
the %-in- sieve and main& on the No. 4 sieve. For the 
remaining sieves, continue the calculations in the same 
manner. 

12.3 To determine the total percentage passing for each 
Sieve. divide the toml mass passing (see 12.3 by the total 
m= of sample arid multiply the result by 100. 

No. IO (2.00-rnm) Sieve 

TABLE 1 Values of Cormtion Faeor. a. lor Oifferwn specific 
Grzvities of Soil P a t l ~ C l c ~ ’  

s~cur ic Graviry com?cwn Facer' 

2.95 0.94 
2.90 0.95 
2.85 0.96 
2.80 0.97 
2.75 0.98 
270 0.99 
2.65 1.00 
2.60 1.01 
2.55 
2.50 
2.45 

1.02 
1.03 
1.05 

14.2 Calculate the mass of a total sample represented by 
the m a s  of soil used in the hydrometer tw by dividing the 
ovendry mass used by the percentage passing the No. 10 
(2.00-mm) sieve, and multiplying the result by 100. This 
value is the weight W in the equadon for percentage 
remaining in suspension. 

14.3 The percentage of soil remaining in suspension at the 
level at which the hydrometer is measuring the density of the 
suspension may be calculated as follows (Note 13): For 
hydrometer 15 I H: 

P = [( 100 WO/W x G/(G - Gl)](R - GJ 
NOTE 13-The bncketed portion of the quadon for hydrometer 

15 I H is c o r n 1  for a series of readings and may bc dculated fim and 
then multiplied by the porrion in the parentheses. 
For hydrometer 152H: 

where: 
a 

P = (Ru/W) x 100 

= correction faction to be applied to the reading of 
hydrometer 152H. (Values shown on the d e  are 
computed using a specific gmvity of 2.65. C o d o n  
faaors are given in Tabie 1) ,  

P = percentage of soil remaining in suspension at the level 
at which the hydrometer measures the density of the 
suspension. 

R = hydrometer mding  with composite correction ap- 
plied (Secrion 7), 

W = ovendry mass of soil in a totA test sample repre- 
sented by mass of soil dispened (see 14.2). g, 

G = specific gravity of the soil panicles, and 
GI = specific gravity of the liquid in which soil particles are 

suspended. Use numerical value of one in both 
instances in the equation. In the fir3 instance any 
wssible variation produces no significant effecf. and 
in the second i n s i c e ,  the composite correcrion for R 
is based on a value of one for GI. 

13. Hygroscopic iMoisture Correction Factor 
13.1 The hydroscopic moisture CorreCfion factor is the: 

fati0 between the mass of the oven-dried sample and the 
air-dv m a s  before dning. I t  is 3 number less than one. 
except when there is no hygroscopic moisture. 

14. Percentages of Soil in Suspension 

15. Diameter of Soil Particles 
15.1 f i e  diameter of a pm*cle corresponding to the 

percentage indialed by a given hydrometer =ding shall be 
d d a t e d  according to Stokes’ law (Note 14). on the basis 
that a panicle of this diameter was at the surface of the 
suspension 3t the beginning of sedimentation and had Senled 
to the level at which the hydrometer is measuring the density 
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w i w c :  
= diamerer of panicle. mm. 
= coefficient of viscosity of the suspending medium (in 

this m e  water) in poises (varies with cfi3nga in 
temperature of the suspending medium). 

L = dimnce from the surface of the suspension IO the 
level at which the density of the suspension is being 
measured. cm. (For a given hydrometer and scdimen- 
ntion cylinder. values according KO the hydrom- 
eier readings. This dinance is known as effeaive 
deprh (Table 7)). 

7 = inrerval of time from b e p n i n g  of sedimenution IO 
the taking of the reading, min. 

G = specific gravity of soil panicles. and 
GI = specific gravity (dat ive density) of suspending me- 

dium (value may be used as 1.000 for all praCrid 
purposes). 

NOTE 14-Sincc Stokes' law consiacrs the icrminal vdodry of a 
single sphere idling in an infinity of liquid the sizes d&td rcprrscnr 
t he  diameter of s p h m  !hat would fall at the same as the soil 

.." 

pamcla 

may be wrinen as foliows: 

where: 
K = C O ~ S K ~ U I K  depending on the tempemue of the suspen- 

sion and the speciiic graviry o i the  soil &des. Values 
of K for a range of temperanucs and speafic gravities 
arc given in Table 3. The value of K does not change for 
a series of readings constituting a test, while values of L 
and Tdovary. 

15.3 Values of D may be computed with &dent accu- 

15.2 For convenience in dcularions the above equation 

D = KJE 

e 
racy, using an ordinary IO-in. slide rule 

NOTE I5-7-h~ value of L is divided by T using the A -  and B 4 a  
the square root bang i n d i d  on the D - s a l e  Withoul a s c m h i n g  the  
value of the square roo[ ir may be muiripiicd by K, using atha the C- or 
CI-scale. 

16. Sieve Analysis Values for Pomon Finer than No. 10 

16.1 Calculation of percentages passing the Various sieva 
used in sieving the ponion of the sample from the hydrqm- 
eter ten involves seved  steps. The fim step is to calculate 
the mass of the fraction that would have been rect.ined on the 
NO. 10 sieve had it not been removed This mass is equal to 
the total percenrage rcuined on the No. 10 sieve (100 minus 
toral pcrcenqe  passing) tima the mass of the total sample 
represented by the mass of soil used (Y dculated in 14.2). 
and the result divided by 100. 

passing the No. 200 
sieve. Add together the hcrional m a s s  retained on all the 
sieves. including the No. 10 sieve and s u b m a  this sum from 
the m s  of the total sample (as calculated in 1431. 

16.3 Calcuiate next the total masses passing a h  of the 
other sieves. in a manner similar IO that given in 12.2 

16.4 Calculate Ian the toral pemmqes paning by di- @ ing the total m s  passing (as caiculated in 16.3) by the 
. t o d  m m  of sample (as ulcuiatcd in 14.2). and multiply the 
result by 100. 

- .  (2.00-mm) Sieve 

16.2 Calculate next the toral 

TABLE 2 Values of Etfeaive Depth Based on Hydrometer and 
Sedimentation Cviinder of Smuitied sized 

1 .Do0 
1.001 
1.002 
1 .om 
1 .OM 
1 .w5 

1.006 
1 .a07 
1.008 
1 1x)9 
1.010 

1.011 
1.012 
1.013 
1.014 
1-015 

1.01 6 
1.01 7 
1.018 
1.019 
1.020 

1.021 
1.022 
1.023 
1.024 
1 .ozs 
1.026 
1 .a27 
1.020 
1 a29 
1.030 

1.031 
1 .a22 
1 .a33 
1.034 
1.035 
1.036 
1 .on 
1.038 

163 0 
16.0 1 
15.8 2 
155 3 
152 4 
15.0 5 

14.7 6 
14.4 7 
14.2 8 
139 9 
13.7 10 

13.4 11 
13.1 12 
129 13 
126 14 
123 15 

121 16 
11.0 17 
115 10 
113 19 
11.0 20 

10.7 n 
105 22 
102 23 
10.0 24 
9.7 25 

9.4 26 
9 2  27 
as 28 
6.6 29 
0.4 30 

a1 
7.0 
7.6 
7.3 
7.0 
6.0 
6 5  
6 2  

163 
16.1 
16.0 
15.8 
15.6 
155 

15.3 
152 
15.0 
14.8 
14.7 

145 
14.3 
142 
14.0 
13.0 

13.7 
13.5 
13.3 
132 
120 

129 
127 
125 
124 
122 

120 
113 
11.7 
115 
11.4 

31 
32 
23 
34 
35 

36 
37 
38 
39 
40 

41 
42 
43 
44 
45 

46 
47 
48 
49 
50 

51 
52 
53 
54 
55 

56 
57 
50 
59 
60 

112 
11.1 
10.9 
10.7 
10.6 

10.4 
102 
10.1 
9.9 
9.7 

9.6 
9.4 
9 2  
9.1 
8 9  

8.0 
8.6 
0.4 
83 
0.1 

7.9 
7.8 
7.6 
7.4 
7.3 

7.1 
7.0 
6.0 
6.6 
65 

17. Cnph . 
17.1 When the hydrometer analysis is performed. a gmph 



TABLE 3 Values of K for Use in Equation for Carnputing Diameter of Psrdde in Hydrometer Analws 

spwtic Glavlry Of sod Parwes 

0.01510 0.01505 0.01481 0.01457 0.01435 0.01414 0.01394 0.01374 0.01356 

Temperalure. 
"C 2.45 250 255 260 2.65 2.70 2.75 280 2.85 

17 0.0151 1 0.01486 0.01462 0.01439 0.01417 0.01396 0.01376 0.01356 0.01338 
0.01492 0.01467 0.01- 0.01421 0.01399 0.01378 0.01359 0.01339 0.01321 
0.01474 0.01449 0.01 42s 0.01- 0.01382 0.01361 0.01342 0.1323 0.01 305 
0.01456 0.01431 0.01408 0.01386 0.01365 0.01W 0.01325 0.01307 0.01289 

0.01L21 0.01397 0.01374 0.013u 0.01332 0.01312 0.01 294 0.01276 0.01258 
0.01404 0.01381 0.01358 0.0133 0.01317 0.01297 0.01279 0.01261 0.01243 

0.01388 0.01365 0.01342 0.01321 0.01301 0.01 282 0.01264 0.01246 0.01229 

0.01357 0.01334 0.01312 0.01291 0.01272 0.01253 0.01235 0.01218 0.01201 
27 0.01342 0.01319 0.01297 0.012Z' 0.01258 0.01239 0.01221 0.01204 0.01 188 

16 

18 
19 
20 

21 
22 
23 
24 
25 

26 

28 0.01327 0.01304 0.01283 0.01264 0.01244 0.01255 0.01208 0.01191 0.01 175 
29 0.01312 0.01290 0.01 269 0.01249 0.01230 0.01212 0.01 195 0.01178 0.01162 
30 0.01298 0.01276 0.01 256 0.01236 0.01217 0.07199 0.01182 0.01 165 0.01149 

0.01438 0.01414 0.01391 0.01369 0.01348 0.01328 0.01309 0.01291 0.01273 

0.01372 0.01349 ' 0.01327 0.01306 0.01286 0.01267 0.01249 ' 0.01232 0.01215 

of the test results shall be made, plotting the diameters of the 
panicles on a logarithmic scale as the abscissa and the 
percentases smaller than the corresponding diameters to an 
arithmetic d e  as the ordinale. When the hydrometer 
analysis is not made on a portion of the SOL the preparation 
of the graph is optional. since values may be secured directly 
from tabulated dam 

IS. Report 
18.1 The repon shall include the following 
18.1.1 Maximum size of panicles, 0 18.1.2 Percentage passing (or rerained on) each sieve, 

which may be tabulated or presented by plotling on a graph 
(Note 16), 

18.1.3 Description of sand and gravel panicles: 
18.1.3.1 Shape-rounded or angular. 
18.1.3.2 Hardness-hard and durable, soft. or weathered 

18.1.4 Specific p v i r y ,  if unusually high or low, 
18.1.5 Any difficulty in dspersing the fraction passing the 

No. 10 (2.00-mm) sieve, indicating any change in type s d  
amount of dcspersing agent, and 

18.1.6 The dspenion device used and the length of the 
dispersion period 

NOTE 16--Thir tabutauon of graph rcprrsents the gradation of the 
=pie t a d .  If pamcla larger than those conuned in the sample were 
Rmoved before tcsung the rcpon shall so SUIC giving the amount and 
=mum site. 

18.2 For materials tested for compliance with definite 
WXifications, the fractions calld for in such specifications 
shall be reported. The fractions smaller than the No. 10 sieve 
shall be read from the graph. 

18.3 For materials for which compliance with definite 
S ~ f i c r t i o n s  is norindicated and when the soil is composed 

and friable. 

- . 

almost entirely of panicles passing the No. 4 (4.75-mm) 
sieve, the results read from the graph may be reported as 
follows: 
( I )  Gnv& paning 340. and retained on NO. 4 Q e v ~  

( 2 )  Sand. pasing No. 4 dcvc and mainal on No. 200 sim 
( a )  Coarse and. paning NO. 4 Sm and retained on 

( b )  Mcdium sand. passing No. 10 tieve and d c d  on 

(c) Fme sln4 plnins No. 40 d m  and &d OD NO. 

No. 10 scvc 

No. 40 dcvc 

200 scvc 
(3) Si! d4 0.074 to 0.005 mm 
( I )  Qy dzc. smaller b n  0.005 mm 

Cdlojdrsmaucrthano.001 mm 

........... x 

........... $6 

........... % 

........... cm 

........... cm 

........... x 

........... x 

........... 96 

18.4 For materials for which compliance with definite 
specifications is not indicated and when the soil con tak  
material retained on the No. 4 sieve suf€ident to require a 
sieve analysis on that portion, the results may be reponed as 
follows (Note 17): 

SIM: ANALYSIS 

. Rranragr 
S i m  Sizc p=w 

............... 

............... 

............... 

............... 

............... 
Kin ............... 
No. 4 (4.75-mm) ............... 
No. 10 (LOO-mm) ............... 
No. 40 (4ZJ+m) ............... 
No. 200 (7S-pm) ............... 

HYDROMETER ANALYSIS 

0.074 mm 
0.00s mm 
0.001 mm 

............... 

............... 

............... 
NOTE 17-NO. 8 (2.36-m) a d  NO. SO (-) Si- m y  bc 

substituted for No. 10 and No. 40 s i c ~ a .  

93 
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2.0 PURPOSE AND SCOPE 

This standard operating procedure (SOP) describes procedures that wil l  be used at the Rocky Flats 

Plant (RFP) for drilling and obtaining samples of soil and rock from hollow-stem auger borings. 

In general, hollow-stem auger coring will be the preferred technique for obtaining environmental 

samples of subsoil and bedrock from boreholes at the RFP. Other types of samples may also be 

obtained from hollow-stem auger borings. This SOP describes hollow-stem auger drilling and 

sampling equipment and procedures, and decontamination that will be used for field data collection 

and documentation in order to attain acceptable standards of accuracy, precision, comparability, 

representativeness, and completeness. 

3.0 PERSONNEL QUALIFICATIONS 

Personnel overseeing drilling operations and logging alluvial and bedrock materials should be - 

geologists with a minimum of a B.S. or BA. degree in geology and have applicable field experience. 

Other qualified personnel may include geotechnical engineers or field technicians with an 

appropriate amount of field experience or on-the-job training under supervision of another qualified 

person. The personnel will be trained to log according to the RFP "reference" cores and samples 

(see SOP GT.l, Logging Alluvial and Bedrock Material). 

4.0 REFERENCES 

I 4.1 SOURCE REFERENCES 

~ 

The following is a list of references reviewed prior to the writing of this procedure: 

A Compendium of Superfund Field ODerations Methods. EPA/540/P-87/001. December 1987. 

(401 I-REV)(CnREV.l)(Os/lOpl) 
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Guidance for Conducting Remedial Investigations and Feasibility Studies Under CERCLA. Interim 

Final. EPA/540/G-89/004. October 1988. 

RCRA Facilitv Investigation Guidance. Interim Final. May 1989. 

RCRA Groundwater Monitoring Technical Enforcement Guidance Document. EPA, OSWER- 

9950.1. SeDtember. 1986. 

4.2 INTERNAL REFERENCES 

Related SOPS cross-referenced by this SOP are: 

SOP F0.3, General Equipment Decontamination 

SOP F0.4, Heavy Equipment Decontamination 

SOP F0.8, Handling of Drilling Fluids and Cuttings 

SOP F0.9, Handling of Residual Samples 

SOP GT.l, Logging Alluvial and Bedrock Material 

SOP GT.3, Isolating Bedrock from the Alluvium with Grouted Surface Casing 

SOP GT.4, Rotary Drilling and Rock Coring 

SOP GT.5, Plugging and Abandonment of Boreholes 

SOP GT.6, Monitoring Wells and Piezometer Installation 

SOP GT.lO, Borehole Clearing 

I 5.0 PROCEDURES FOR DRILLING AND SAMPLING 

I Hollow-stem augers are one type of continuous-flight auger used for advancing boreholes when 

e discrete samples of the subsurface materials are obtained. They are particularly applicable for 

sampling materials with a tendency to cave in and for environmental sampling. The augers consist 
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of sections of steel tubing (usually 5 feet long) with steel helical flights around the outside. 

Segments of auger are added as the borehole advances; and samples are retrieved through the 

inside of the auger without having to remove the auger from the borehole during sampling. 

With this technique, samples will be obtained either with standard split spoon or California drive 

samplers, or with a continuous core augering technique. The continuous coring technique can 

obtain up to 5-foot-long cores in a 5-foot-long sample barrel; however, at the RFF' sampling will be 

conducted in increments of 2 feet to enhance sample recovery unless otherwise specified in the Field 

Sampling Plan (FSP). Drive sampling will normally obtain a 12- to 18-inch-long sample depending 

on the length of the sampler. Visual logging of the alluvial and bedrock materials will be performed 

according to SOP GT.l, Logging Alluvial and Bedrock Material. Sampling for chemical analysis 

is addressed in this SOP. All sampling equipment will be protected from the ground surface with 

clear plastic sheeting. All drilling and sampling activities will be conducted in accordance with the 

project Health and Safety Plan. 

5.1 EQUIPMENT AND MATERIALS 

The following equipment and materials are needed for hollow-stem auger drilling and soil sampling. 

Only the types of samplers required by the sampling specified in the Field Sampling Plan (FSP) will 

be required on a given project. 

0 Drill rig equipped for drilling and sampling with hollow-stem augers 

0 Continuous core augering equipment (including 2-1/2- to 3-inch inside diameter 

sample barrel suitable for 2-foot sample rods) 

0 Standard split spoon sampler (ASTM D 1586) 

(401 I-RW)(GTZREV.1)(05/10/91) 
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California spoon sampler 

Brass (or stainless steel) California liners (2-inch-diameter) 

3-inch-long stainless steel volatile/semi-volatile organic analysis (VOA) sample 

liner for continuous auger core barrel 

Teflon@ film (cut in 4-inch x 4-inch squares) 

Plastic caps for California and VOA liners 

Self-adhesive labels 

Ice chests (sample shuttles) 

High-pressure steamer/sprayer 

Long-handled bristle brushes 

Wash/rinse tubs 

0 Phosphate-free lab-grade detergent (e.g., Liquinox) 

0 Location map 

0 Weighted tape measure 

0 Water level probe 

(401 I-REV)(GTZREV.I)(W/ 10/91) 
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0 Distilled water 

0 Drums for containment of cuttings 

0 Appropriate health and safety equipment 

0 Field book 

0 Boring log forms 

5.2 DRILLING PROCEDURES 

Boreholes will be drilled by using hollow-stem augers and the sampling equipment required by the 

FSP. All drilling equipment, including the rig, water tanks, augers, drill rods, samplers, etc., will 

be decontaminated before arrival at the work area site. Between boreholes, all down-hole equip- 

ment will be decontaminated, and sampling equipment will be decontaminated between samples. 

Equipment will be inspected for evidence of fuel oil or hydraulic system leaks (See SOP F0.3, 

General Equipment Decontamination, and SOP F0.4, Heavy Equipment Decontamination). If 

lubricants are required for d o w h o l e  equipment, only pure vegetable oil will be used. 

Before drilling, borings will have been located, numbered, and identified using stakes or spray paint 

on paved surfaces. Buried metal objects will have been located by using geophysical methods, and 

utility clearance will have been accomplished according to SOP GT.lO, Borehole Clearing. 

After boreholes have been cleared and obstructions removed, an exclusion zone will be established 

according to the project Health and Safety Plan, and the drill rig will be set up. The boring will be 

advanced to the depth indicated and sampled according to the FSP. 



DRILLING AND SAMPLING USING HOLLOW-STEM AUGER TECHNIQUES 

~ 

EG&G ROCKY FLATS PLANT Manual: 
EMD MANUAL OPERATION SOP Procedure No.: 

Page: 
Effective Date: 

Category 2 Organization: 

5-2 1OOO-0 PS 
GT2, Rev. 1 

7 of 14 
August 30, 1991 

Environmental Management 

For borings where environmental samples will be obtained in the bedrock, the borehole will be 

drilled into the top of the weathered bedrock prior to installation of a casing according to SOP 

GT.3, Isolating Bedrock From the Alluvium With Grouted Surface Casing. The bottom of the 

surface casing will be embedded below the weathered bedrock surface in soil borings according to 

SOP GT.3. The embedment may vary for monitoring wells according to the FSP or SOPAs. After 

installing the casing, the bedrock will be drilled and sampled by using hollow-stem augers small 

enough to fit through the casing in boreholes designated for environmental sampling. In boreholes 

that are drilled only for geologic logging, hydraulic or geotechnical testing, or monitoring wells, the 

portion of the borehole below the casing may be drilled using conventional rotary or rock coring 

techniques (SOP GT.4, Rotary Drilling and Rock Coring). This will normally allow for the use of 

a smaller diameter surface casing. 

It is anticipated that most or all of the weathered bedrock can be drilled and sampled by using the 

continuous hollow-stem auger coring method. However, if bedrock that is sufficiently cemented to 

render this method ineffective is encountered in borings designated for environmental sampling, the 

cemented zone will be rock cored using filtered air as the drilling medium according to SOP GT.4, 

Rotary Drilling and Rock Coring. After the cemented zone is penetrated, the boring will continue 

with hollow-stem auger coring. If necessary, this may require reaming the cored section with air- 

rotary techniques. 

The borings will be logged lithologically by examination and classification of the samples. 

Documentation will be completed by the site geologist according to Section 8.0 of this SOP. SOP 

GT.l, Logging Alluvial and Bedrock Material, describes procedures for material classification and 

borehole logging. 

At the first indication of free water on the sampler or in samples, the time and estimated depth will 

be recorded. However, it is frequently difficult to determine the true water level in hollow-stem 

auger borings at the time of drilling, particularly when drilling in low-permeability soil or bedrock. 

(401 l-REV)(GT2REV.l)(OS/ 10/91) 
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Therefore, water levels wiil also be measured after drilling. In low-permeability deposits, it is 

possible for a borehole to be drilled below the groundwater level and not collect water for several 

hours or even days. It is therefore important to note moisture changes in the samples when 

evaluating groundwater conditions at the time of drilling. During the drilling and while the augers 

are being removed, the cuttings and unsaved portions of samples from the boring will be 

containerized according to SOP F0.8, Handling of Drilling Fluids and Cuttings, and SOP F0.9, 

Handling of Residual Samples. 

53 SAMPLING PROCEDURES 

53.1 Continuous Core Auger Sampling 

a 
(401I-REV)(GTZREV.l)(OJ/I0/91) 

The continuous coring method advances a split barrel that is contained within the lead auger. The 

augers rotate around the sampler and cut while the sample barrel is prevented from rotating. 

Continuous core samples are collected in the barrel. The barrel will be unlined except for a 3-inch 

long stainless steel VOA sample liner placed at the bottom end of the barrel directly behind the 

cutting shoe. Once the core barrel has been removed from the borehole, opened, scanned, and 

measured, the VOA sample liner will immediately be capped with TeflonQ-lined plastic caps, sealed 

with electrical tape, labeled, and placed in a cooler with ice. In order to obtain a composite sample 

for additional analyses, including semi-VOAs, the sampler will be closed and placed in a safe 

location, out of the direct sun, until three consecutive 2-foot samples have been obtained. Once the 

three consecutive samples have been obtained, the core barrels will be opened and each sample will 

then be classified, logged, peeled, composited, and placed in appropriate containers for analytical 

testing according to SOP F0.13, Containerizing, Preserving, Handling, and Shipping of Soil and 

Water Samples. Sample intervals and requirements for compositing are defined in the FSP or 

SOPA. 
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Sample peeling will involve discarding the portion of sample that was in direct contact with the 

sampler. Once the samples have been peeled, a linear scraping of the peeled samples will be placed 

in a stainless steel bowl and mixed with a stainless steel instrument. Soil particles (gravels) larger 

than the jar mouth will be discarded. Peeling and compositing will be conducted with separate 

decontaminated stainless steel instruments. 

Samples for geotechnical testing will consist of approximately 3/4-filled pint-sized glass jars with air- 

tight lids placed in compartmented shipping cartons designed to prevent breakage of the jars. 

Sample peeling is not required for geotechnical samples. 

532 Drive Sampling 

Drive samples will be obtained in general accordance with ASTM Designation D 1586. After 

drilling to the predetermined depth, the standard split spoon or California sampler will be attached 

to the end of the drill rod and lowered to the bottom of the boring. The standard 140-pound 

hammer assembly will then be attached to the top of the drill rod. The depth to the bottom of the 

sampler will be recorded, and reference marks at 6-inch increments will be placed on the drill rod. 

The test consists of driving the sampler with the standard 140-pound hammer dropped 30 inches. 

When using the 2-inch-outside-diameter (O.D.) standard split spoon sampler, drive the sampler 

through three 6-inch increments (or 100 blows, whichever occurs.first), with the sum of the last two 

increments being the Standard Penetration Count or Blow Count or N-value, and the first 6-inch 

increment being considered as seating. 

A California barrel with brass (or stainless steel) liners may be substituted for the standard split 

barrel. The integrity of the sample can generally be better maintained since thin-walled liners 

containing the sample can be removed from the barrel and sealed. Since the California sampler 

is shorter than the standard split spoon sampler, it will be driven only 12 inches, with blow counts 

I 

(401 I-REV)(GTZREV.l)(09/l0/91) 
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recorded for each 6-inch increment. However, several blows are required before marking and 

counting blows to seat the sampler. 

A California barrel has a 2.5-inch O.D. and a 2-inch inside diameter (I.D.) Modified California 

samplers with larger diameters are also available. The liners for a conventional California barrel 

have a 1.94-inch I.D. Although not precisely equivalent, the blow count obtained by using a 2-inch 

I.D. California barrel is frequently considered to be comparable to the N-value obtained using a 

standard barrel. Blow counts using larger samplers will not be equivalent, and larger hammers may 

be required to drive them under some conditions. 

A rope and cathead arrangement is generally used to obtain drive samples. Automatic trip 

hammers are sometimes used. If a rope and cathead arrangement is used, excessive turns of the 

rope on the cathead must be avoided, since they will result in friction and drag between the rope 

and cathead. Two turns of the rope on the cathead will be used and sufficient slack in the rope 

provided during hammer freefall to prevent excessive friction. 

Standard split spoon samples saved for geotechnical testing will consist of 3/4-filled pint-sized glass 

jars with airtight lids placed in compartmented shipping cartons designed to prevent breakage of 

the jars. Samples for VOA analytjcal testing will be obtained by placing a 3-inch long stainless steel 

VOA sample liner at the bottom end of the barrel directly behind the cutting shoe. Composite 

samples for additional analyses, including semi-VOAs, will consist of linear scrapes from three 

consecutive peeled samples (see Subsection 5.3.1) placed in containers described in SOP FO.13, 

Containerizing, Preserving, Handling, and Shipping of Soil and Water Samples. For California liner 

samples, the geotechnical samples may be saved in the liners with plastic end caps. 

I (4011-~(GT2RFW.l)(53/10/91) 
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533 VOC Sampling 

4 VOC samples will be collected from the base of every other 2-foot drive sample from the 

ground surface to the water table. 

0 

A VOC sample will be collected in the bottom of the first drive sample below the water 

table. 

A final VOC sample will be collected from the base of the first drive within bedrock 

immediately below the alluvial material. 

Additional VOC samples will be collected as follows: 

If a lithologic feature or HNu reading indicates the possibility that anomalous 

VOC contamination exists, then a sample will be taken at the base of the next 

drive interval. 

If the sampler is opened, scanned and a color change, free product, or other 

physical evidence indicating the possibility for contamination is observed in a 

location other than where a pretargeted VOC sample is located, a 3” section will 

be immediately cut, pulled, wrapped, placed in a wide mouth jar and sealed. The 

sample will be sent to the lab for subcoring and analysis. 

- .  

- 

5.4 BORING COMPLETION AND ABANDONMENT 

After the borehole has been advanced to its final depth, it will either be abandoned or completed 

as a monitoring well (see SOP GT.5, Plugging and Abandonment of Boreholes, and SOP GT.6, 

Monitoring Wells and Piezometer Installation). 

(401 I-REV)(GIZREV.1)(09/10/91) 
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The boring location stake will be left in the ground adjacent to the borehole, and a board or other 

cover placed over the hole until it has been grouted. All boreholes to be abandoned with a depth 

greater than 1 foot will be grouted the same day that abandonment is completed. The boring 

location stake will then be placed in the grout. 

6.0 QUALITY ASSURANCE/QUALITY CONTROL SAMPLES 

Quality Assurance (QA) and Quality Control (QC) activities will be accomplished according to 

applicable project plans as well as quality requirements presented in this SOP. 

QA samples for soils fall into five categories: 

b Duplicate 

b - Matrix spike duplicate 

b Equipment rinsate 

b Matrix spike 

b Field blank 

, SOP F0.13, Containerizing, Preserving, Handling, and Shipping of Soil and Water Samples 

describes the general handling of samples. Applicable project plans specify QA sample frequencies. 

Sample collection procedures will be the same as those described in Section 5.0 for duplicate, matrix 

spike, and duplicate matrix spike samples. These samples are intended to be as close to exact 

replicates of the original samples as possible. They are obtained immediately adjacent to the 

planned samples that they are intended to duplicate. 

A rinsate sample from sampling equipment is intended to check for potential contamination of the 

sample by the sampling equipment. For the soil sampling operation, a rinsate sample will be 

(4011-REV)(GTZREV.1)(03/ 10/91) 
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collected from sampling equipment with any liners in place before the sampling equipment is used. 

Approximately 3 liters of distilled water will be rinsed over a decontaminated sampler and collected 

in a large decontaminated stainless steel bowl. A decontaminated glass beaker will be used to dip 

the water from the bowl and fill the sample bottles. The rinsate samples will be analyzed for the 

same parameters as the soil samples. 

Field blank samples are containers filled with clean water that are handled and moved the same as 

the other samples to check for potential cross-contamination resulting from field handling and 

movement procedures. 

7.0 DECONTAMINATION 

Generalized equipment decontamination procedures will include: 

Samding equimnent. Decontamination will be conducted between individual 

sampling points to minimize potential cross-contamination. Sampling equipment 

will be decontaminated according to SOP F0.3, General Equipment 

Decontamination. During drilling and sampling, decontaminated equipment will 

be placed on new plastic or racks until it is used. At least two sets of samplers 

will be available so that one set can be used while the other is being 

decontaminated. 

e Drilling eauimnent. Decontamination of augers, drill stems, drill bits, and other 

down-hole equipment will be conducted after each boring is complete. Drill rigs 

will be decontaminated when moved out of a work area or when they become 

unusually dirty as a result of site or drilling conditions, at the discretion of the site 

or project manager. Decontamination of drilling equipment is described in more 

detail in SOP F0.4, Heavy Equipment Decontamination. 
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8.0 DOCUMENTATION 

All information required by this SOP will be documented on the Borehole Log Form, Form GT.lA 

and the Hollow-Stem Auger Drilling Field Activities Report Form, Form GT.2A. The Field 

Activities Report Form will be filled out for each day of drilling at a given borehole location and, 

in situations where more than one boring is drilled and completed per day per drill rig, at least one 

form will be completed per boring. The borehole log will include information on subsurface 

material classification and lithology. The Field Activities Report will include the following 

information and have space for comments and documentation of general observations: 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Project, crew, drilling contractor and borehole identifications 

Date 

Weather 

Equipment descriptions (rig, bits, etc.) 

Water level 

Depth to bedrock 

Borehole depth and diameter 

Decontamination 

Environmental materials types, volumes and drums used 

End-of-day status @e., partially complete, abandonment, etc.) 

Chronological record of activities 

I (401 l-REV)(CTZREV.l)(~/10/91) 
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AND BIT 
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FIELD ACTMTIES REPOKT 

HAMMER SIZE 

DEPTH TO BEDROCK 
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OF ACTIVITIES 
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2.0 PURPOSE AND SCOPE 

This standard operating procedure (SOP) describes procedures that will be used at the Rocky Flats 

Plant (RFP) to install surface casing grouted into the top of bedrock to isolate the bedrock from 

the alluvium. The intent of implementing this SOP is to prevent cross-contamination from the 

alluvium into the bedrock. This will be required for environmental sampling of the bedrock in 

boreholes and for construction of bedrock monitoring wells. The following items are discussed in 

this SOP: 

0 Drilling methods for advancing borehole 
0 Surface casing installation materials 

0 Surface casing installation procedures 

This SOP describes the field procedures that will be used to install surface casing and document 

the procedures in order to attain acceptable standards of accuracy, precision, comparability, 

representativeness, and completeness. 

3.0 PERSONNEL QUALIFICATIONS 

Personnel overseeing the installation of grouted surface casing will be geologists, geotechnical 

engineers, or field technicians with an appropriate amount of applicable field experience or on-the- 

job training under the supervision of another qualified person. 

(401 l-REV)(GnREV.l)(09/10/91) 
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4.0 REFERENCES 

4.1 SOURCE REFERENCES 

The following is a list of references reviewed prior to the writing of this procedure: 

A Compendium of SuDerfund Field ODerations Methods. EPA/540/P-87/001. December 1987. 

Guidance for Conducting Remedial Investigations and Feasibilitv Studies Under CERCLA. Interim 

Final. EPA/540/G-89/004. October 1988. 

RCRA Facilitv Investigation Guidance. Interim Final. May 1989. 

RCRA Groundwater Monitoring Technical Enforcement Guidance Document. EPA, OSWER- 

9950.1. September, 1986. 

4 2  INTERNAL REFERENCES 
... . 

Related SOPS cross-referenced by this SOP are as follows: 

0 SOP F0.3, General Equipment Decontamination 

SOP GT.l, Logging Alluvial and Bedrock Material 

SOP GT.2, Drilling and Sampling Using Hollow-Stem Auger Techniques 

SOP GT.4, Rotary Drilling and Rock Coring 

. SOP F0.4, Heavy Equipment Decontamination 
0 

0 

0 

0 SOP GT.lO, Borehole Clearing 

(401 l-REV)(GT3REV.l)(@2/10/91) 
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5.0 PROCEDURES FOR INSTALLING SURFACE CASING 

Surface casings will be installed in boreholes drilled and logged according to SOP GT.2, Drilling 

and Sampling Using Hollow-Stem Auger Techniques, and SOP GT.l, Logging Alluvial and Bedrock 

Material. All drilling and sampling equipment will be decontaminated according to SOP F0.3, 

General Equipment Decontamination, and protected from the ground surface with clear plastic 

sheeting or placed on clean drill racks. 

5.1 EQUIPMENT AND MATERIALS 

The following is a list of equipment and materials used for surface casing installation: 

Drill rig with appropriate-size augers 

Surface casing 

American Colloid Pure Gold Bentonite grout (or approved equivalent) 

Rubber grout-displacement plug (1/2-inch diameter larger than inside diameter 

of casing) 

Tremie pipe and grout pump 

High pressure steamer sprayer 

Mechanical grout mixer 

Weighted tape measure 

Water level probe 

Pipe cutter 

Appropriate documentation forms 

Drums for containment of cuttings 

Appropriate health and safety equipment 

Pre-approved water from a potable source (see SOP F0.3, General Equipment 

Decontamination) 

(401 I-REV)(GT3REV.l)(02/10/91) 
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0 Plastic Sheeting 

5.1.1 Casing Requirements 

Surface casing will consist of new schedule 40 PVC or steel well casing. PVC casing will be used 

for nominal casing diameters of 6 inches or less. Larger casings will be steel. Joints will be water- 

tight threaded couplings made without welds, solvents or lubricants. The casing will be embedded 

into the top of bedrock and extend to approximately 1 foot above the ground surface. Casing 

centralizers will be attached to the casing to allow uniform grouting. At least 2 centralizers will be 

required, one within 5 feet of the bottom and the other within 5 feet of the top of the casing. All 

surface casing will be free of foreign material and will be decontaminated according to SOP F0.3, 

General Equipment Decontamination. Decontaminated casing will be stored in plastic sheeting or 

kept on clean racks prior to use. 

5.12 Grout Requirements 

The grout mixture will consist of reduced pH bentonite grout (American Colloid Pure Gold or 

approved equivalent) mixed in a powered mechanical grout mixer according to the grout 

manufacturer’s recommendations. The grout will contain at least 30 percent solids by weight and 

have a minimum density of 9.9 pounds per gallon after mixing. The density will be measured using 

a mud balance. 

I 5.2 DRILLING METHODS 

e 
Boreholes will be drilled into the top of bedrock using hollow-stem augers. Alternatively, 

conventional rotary or reverse-circulation rotary methods may be used; however, due to the 

variability of these methods, an SOP addendum (SOPA) may be required. Drilling equipment 

including the rig, augers, drill rods, and samplers will be decontaminated according to SOP F0.4, 
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Heavy Equipment Decontamination, and SOP F0.3, General Equipment Decontamination. The 

borehole will be of sufficient diameter to allow a 2-inch thickness of bentonite grout to be pIaced 

outside of the casing. Each borehole location will be cleared according to SOP GT.lO, Borehole 

Clearing, before drilling. 

The embedment of casing into the bedrock will be a minimum of 3 to 5 feet into the weathered 

bedrock. However, the intent is to place the bottom of the casing approximately 3 feet below the 

interface describing a substantial reduction in hydraulic conductivity. If the uppermost weathered 

bedrock is highly weathered and/or fractured, this embedment depth will be adjusted downward. 

A conservative approach will be used early in the program with casing embedment on the order of 

5 feet. The project hydrogeologist responsible for the on-going hydrogeologic site characterization 

will be responsible for establishing and documenting protocols for surface casing embedment based 

on the observed degree of weathering and fracturing after the first several boreholes are completed 

and evaluated. 

5 3  SURFACE CASING INSTALLATION AND SEALING PROCEDURES 

Surface casing will be installed by placing the casing into the grout-filled borehole and then forcing 

the grout from within the casing jnto the annular space by pushing a rubber plug down the casing 

thus displacing the grout out through grout ports at the bottom of the casing. Implementing this 

SOP is intended to provide a uniform seal from the base of casing to the ground surface. Figure 

GT.3-1 depicts the casing installation described below. 

Surface casing installation will begin after the borehole has been drilled into the top of bedrock the 

required depth specified in the Field Sampling Plan according to the following steps: 

(1) Measure the borehole total depth using a weighted tape measure. The weight on the 

measure tape will be stainless steel in the event that it accidentally becomes embedded. 

(401 l-REV)(GT3REV.I)(09/10/91) 
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Figure GT.3-1 - Schematic Diagram of Grouted Surface Casing 
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(3) 

(4) 

(5) 

Pump the grout mixture into the inside of the augers to the bottom of the hole using a 

tremie pipe, until undiluted grout flows out of the top of the augers. As the augers are 

removed, add grout into the augers to keep the level at the top of the augers until all of 

the augers have been removed and the borehole is completely full of grout. (Alternatively, 

if subsurface conditions allow the borehole to remain open, the borehole may be tremie- 

grouted after the entire string of augers is removed. If this is attempted and the borehole 

caves, it will be redrilled and tremie-grouted using the augers as described above). 

Drill three equally spaced 1-inch diameter holes (grout ports) into the wall of the casing 

immediately above the bottom of the casing. The distance between the bottom of the 

casing and the holes will not exceed the length of the rubber plug. 

Lower the surface casing into the borehole. Install the required centralizers at 5 feet below 

surface and 5 feet above the bottom of the casing while running the casing in the borehole. 

Once the casing is at the bottom of the borehole, place a rubber plug, intended for 

displacing grout' from within the casing (lp-inch diameter larger than the inside of the 

casing), inside the casing and force it down to the bottom of the casing by drill rods using 

hydraulic feed from the rig. Add RFP potable water to the inside of the casing as the plug 

is being forced down. The water will aid in equalizing the pressure of the grout on the 

rubber plug until the grout has set. 

Place a protective cover over the top of the casing until the grout has set for at least 24 

hours. 

Remove the water inside the casing by air-lift methods or bailing before the plug is drilled 

out and the borehole is advanced past the bottom of the casing. 
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6.0 DOCUMENTATION 

All information required by this SOP will be documented on the Borehole Log Form, Form GT.lA 

and on the Surface Casing Installation Field Activities Report Form, Form GT.3A. Form GT.3A 

will be filled out for each day of drilling at a given borehole location; and, in situations where more 

than one boring is drilled and completed per day per drill rig, at least one form will be completed 

per boring. The borehole log will include information on subsurface material classification and 

lithology. The Field Activities Report will include the following information and have space for 

comments and documentation of general observations: 

0 

Date, Start and Completion 

Project, conditions and borehole identifications 

Weather 

Equipment descriptions (rig, etc.) 

Personnel 

Depth to top of weathered bedrock 

Bottom casing depth 
Borehole diameter . .  

Casing diameter. 

Type of casing (schedule, wall-thickness, grade, etc.) 

Centralizer depths 

Centralizer type 

Casing stick-up (measured height above ground level) 

Quantity and composition of grout (including grout/water mix ratio, 

weight/pound) 

Joint/coupling description 
0 Comments 

(401 1-REV)(CnREV.l)(oS/l0/91) 
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2.0 PURPOSE AND SCOPE 

This standard operating procedure (SOP) describes procedures that will be used at the Rocky Flats 

Plant (RFP) for rotary drilling and rock coring, using air and water as drilling media. It addresses 

equipment, field procedures, decontamination, and documentation, that will be used for rotary 

drilling and rock coring, and describes documentation of these procedures in order to attain 

acceptable standards of accuracy, precision, comparability, representativeness, and completeness. 

3.0 PERSONNEL QUALIFICATIONS 

Personnel overseeing the plugging and abandonment at boreholes will be geologists, geotechnical 

engineers, or field technicians with an appropriate amount of applicable field experience or on-the- 

job training under supervision of another qualified person. 
< 

4.0 REFERENCES 

4.1 SOURCE REFERENCES 

The following is a list of references reviewed prior to the writing of this procedure: 

A Compendium of Superfund Field Operations Methods. EPA/540/P-87/001. December 1987. 

Guidance for Conducting Remedial Investigations and Feasibilitv Studies Under CERCLA. Interim 

Final. October 1988. 

RCRA Facilitv Investigation Guidance. Interim Final. May 1989. 
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4 2  

5.0 

5.1 

RCRA Ground-Water Monitoring Technical Enforcement Guidance Document. EPA, OSWER- 

9950.1. Washington D.C. September, 1986. 

INTERNAL REFERENCES 

Related SOPS cross-referenced in this SOP are as follows: 

SOP F0.3, General Equipment Decontamination 

SOP F0.4, Heavy Equipment Decontamination 

SOP F0.8, Handling of Drilling Fluids and Cuttings 

SOP GT.l, Logging Alluvial and Bedrock Material 

SOP GT.2, Drilling and Sampling Using Hollow-Stem Auger Techniques 

SOP GT.6, Monitoring Wells and Piezometer Installation 

SOP GT.3, Isolating Bedrock from the Alluvium with Grouted Surface Casing 

SOP GT.5, Plugging and Abandonment of Boreholes 

SOP GT.lO, Borehole Clearing 

EQUIPMENT AND PROCEDURES 

GENERAL 

Rotary drilling and coring methods that use air or water as the drilling media are common 

techniques employed to obtain stratigraphic, lithologic, hydrogeologic, geotechnical, and 

environmental data, as well as a means for monitoring well installation. In general, hollow-stem 

continuous-flight augers will be the preferred technique for drilling boreholes to collect 

environmental samples of soil and rock (see SOP GT.2, Drilling and Sampling Using Hollow-Stem 

Auger Techniques). The use of air or water can alter analytical chemistry or physical property test 

results by altering sample moisture, or by volatilizing contaminants (in case of air) or by washing 

(401 l-REV)(GT4REV.l)(G9/10/5’1) 
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them away (in the case of water). Using water when drilling can also alter the groundwater 

chemistry in the vicinity of the borehole, and needs to be accounted for during development of 

wells. Rotary drilling and rock coring may be used for advancing boreholes with or without 

environmental sampling in zones of hard material which cannot be penetrated with augers. 

Samples obtained for analytical chemistry testing will be prepared and contained in general 

accordance with SOP GT.2, Drilling and Sampling Using Hollow-Stem Auger Techniques. In 

general, air will be the drilling medium used when it is necessary to penetrate cemented zones of 

rock in auger borings drilled for environmental sampling. Water will typically be used as the drilling 

medium when drilling relatively deep bedrock wells and when obtaining rock core exclusively for 

geologic logging. Alternatively, dual-tube air percussion or ODEX drilling methods using water or 

air may be appropriate for some conditions. The appropriate work plan or a standard operating 

procedure addendum (SOPA) will outline drilling requirements for each project. 

5 2  EQUIPMENT AND MATERIALS 

52.1 General Rotary Drilling Equipment 

The following is a list of equipment and materials for rotary drilling: 

Drill rig with appropriately sized drill bits and rods 

Portable recirculation tanks for water rotary 

Preapproved water for water rotary 

Conveyance equipment (pumps and hoses) 

Air compressor with appropriate air filter(s) 

High pressure steamer/sprayer 

Wash/rinse tubs 

Weighted tape measure 

(401 I-R~(GT4REv.l)(oS/lO/91) 
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Phosphate-free, lab grade detergent (e.g., Liquinox) 

Water level probe 

Appropriate health and safety equipment 

Drums for containment of cuttings and fluids (SOP F0.8, Handling of Drilling 

Fluids and Cuttings) 

Boring log form 

Field activities report form 

Pint-sized plastic bottles with screw caps for cuttings (SOP GT.l, Logging Alluvial 

and Bedrock Material) 

5.22 Supplemental Equipment for Rock Coring 

Additional equipment for rock coring will consist of the following: 

0 Core barrel assembly 

0 Coring log forms 

0 Wire line or core rods 

0 Core boxes with wooden blocks 
0 Measuring tape.. 

0 Core barrel rack 

0 Camera (photography is security controlled at Rocky Flats Plant) 

Plastic wrap for core 
0 Marking pen, black, permanent 

5 3  PROCEDURES 

Boreholes will be drilled using a rig equipped with rotary drilling equipment capable of advancing 

the borehole to the depth specified in the Field Sampling Plan (FSP). AH drilling equipment, 

(401 l-REV)(CZ4REV.l)(09/10/91) 
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including the rig, water transportation tanks, bits, and drill rods, will be decontaminated according 

to SOP F0.4, Heavy Equipment Decontamination and SOP F0.3, General Equipment 

Decontamination. These decontamination procedures will also be followed between boreholes for 

downhole equipment and between work areas of different contaminant characterization for the 

drilling rig. Drilling equipment will be inspected to ensure that hydraulic system and fuel leaks do 

not introduce organic contamination on site or into the borehole. Any leaks that may introduce 

such contamination will be repaired before drilling. Only pure vegetable oil products may be used 

to lubricate downhole drilling and sampling equipment. 

Borehole locations will be cleared before drilling, according to SOP GT.lO, Borehole Clearing. 

Drill cuttings and fluids will be handled according to SOP FO.8, Handling of Drilling Fluids and 

Cuttings. Boreholes will be abandoned according to SOP GT.5, Plugging and Abandonment of 

Boreholes. All procedures will be conducted according to the applicable Health and Safety Plan. 

Project-specific requirements will be addressed in a SOPA. 

53.1 Rotary Drilling Techniques 

Conventional rotary drilling involves the introduction of a drilling medium (fluid) into the borehole 

through the drill rods and circulat,ion of the medium back up the hole to remove drill cuttings. The 

hole is advanced by the cutting action of a rotating drill bit at the bottom of the hole. Reverse 

circulation methods are similar to conventional rotary methods, .except that the drilling medium is 

injected down the annulus between an inner and outer double casing and returns back up the inside 

of the inner casing. Some reverse circulation methods use rotary techniques, some use non-rotating 

percussion techniques, and some use a combination of the two. Samples of cuttings obtained when 

rotary drilling to be saved for geotechnical testing or future geologic reference will be placed in 

pint-sized plastic jars with screw-on tops and saved in core boxes. 

I (401 l-ftEV)(Cr4REv.l)(Os/l0/91) 
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53.1.1 Water 

Water used for rotary drilling will consist of RFP potable water. Water transportation tanks and 

conveyance equipment will be contaminant-free and dedicated for the use with preapproved water 

to ensure that the preapproved water introduced into the borehole is also contaminant-free. 

Portable decontaminated water recirculation tanks will be used for rotary operations. Excavated 

sumps or pits (lined or unlined) will not be used. Decontamination of tanks and conveyance 

equipment will also be conducted in accordance with SOP F0.3, General Equipment 

Decontamination and/or SOP F0.4, Heavy Equipment Decontamination. 

53.1.2 & 

Conventional air compressors used for air rotary methods contain oil for lubricating moving parts 

and compress air and oil in their operation. To avoid introducing contaminants into the borehole, 

a filtration system designed to provide oil-free air and approved by EG&G will be used. Depending 

on the requirements of the particular project, such a system may consist of'an air-cooled aftercooler, 

a regenerative dryer, a coalescing filter, and a particulate afterfilter, all arranged in series. The 

particular filtration system design will depend on the compressor equipment, the project 

requirements, and anticipated ambient conditions. The filtration system will be matched 

appropriately to the compressor's capacity so that the reduction in the flow of air to the drilling 

equipment is tolerable. The filtration system components will be changed or monitored according 

to the requirements of the design during operation and a record of this kept on the field activities 

report form (see Section 7, Documentation). 

Dust control measures may also be required according to the Field' Operations Plan (FOP) and 

Health and Safety Plan (HSP). The airborne dispersion of cuttings can be controlled to some 

extent by circulating the return air through a vortex or cyclone. 

(401 I-RN)(GT4REv.l)(oS/lO/91) 
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53.2 

6.0 

Rock Coring 

Continuous core samples collected using rock coring methods can be used to obtain relatively 

undisturbed samples of rock for stratigraphic, lithologic, hydrogeologic, and environmental data. 

Conventional rock coring methods use a diamond coring bit instead of a conventional tricone or 

granular rotary bit. 

Continuous core samples will be extracted from the  core barrel, placed on core racks, and logged 

by a geologist according to SOP GT.l, Logging Alluvial and Bedrock Material. Rock core to be 

saved for geotechnical testing or further geologic observations will be placed in plastic core wrap 

and then placed in core boxes with appropriately sized dividers to protect and preserve the 

orientation of the core during movement and storage. Coring equipment will also be 

decontaminated according to SOP F0.3, General Equipment Decontamination. 

Air or water drilling media used for coring must be contaminant-free. Therefore, the provisions 

required in Subsections 5.3.1.1 and 5.3.1.2 for drilling fluids also apply to rock coring procedures. 

DECONTAMINATION 

Generalized equipment decontamination procedures will include: 

. Samding eauinment. Decontamination will be conducted between individual 

sampling points to minimize potential cross-contamination. Sampling equipment 

will be decontaminated according to SOP F0.3, General Equipment 

Decontamination. During drilling and sampling, decontaminated equipment will 

be placed on new plastic sheeting or racks until it is used. At least two sets of 

samplers will be available so that one set can be used while the other is being 

decontaminated. 
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0 Drilline. eaubment. Decontamination (augers, drill stems, drill bits, and other 

downhole equipment) will be conducted after each boring is complete. The drill 

rig will be decontaminated when moved to a new work area that has a different 

contaminant characterization. Decontamination of drilling equipment is described 

in SOP F0.4, Heavy Equipment Decontamination. 

7.0 DOCUMENTATION 

All information required by this SOP will be documented on the Borehole Log Form, Form GT.lA 

and the Rotary/Core Drilling Field Activities Report Form (Form GT.4A). The Field Activities 

Report Form will be filled out for each day of drilling at a given borehole location and, in situations 

where more than one boring is drilled and completed per day per drill rig, at least one form will 

be completed per boring. The borehole log will include information on subsurface material 

classification and lithology. Information on core length; core loss; percent of recovery; core 

breakage due to discontinuities; total core breakage; and rock classification and lithology will be 

recorded on the log form. The Field Activities Report will include the following information and 

have space for comments and documentation of general observations: 

0 

0 

(401 l-REV)(GT4REV.I)(O)/lO/91) 

Project, and borehole identifications 

Weather 

Equipment conditions descriptions (rig, bits, etc.) 

Personnel 

Drilling fluid used 

Drilling fluid return/loss and pressures 

Sampling information 

Environmental materials and refuse disposal information 

Water level 

Borehole information 

I 
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0 Compressor/pump type 

0 End-of-day status (Le., partially complete, abandoned, etc.) 

Log check list (for each core run) 
0 Chronological record of activities 

0 

... 

(4011-REV)(GT4REV.l)(OS/ 10/91) 
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PROJECT NUMBER DATE 

PROJECT NAME 

BOREHOLE IDENTIFICATION 

COORDINATES North East 

WEATHER CONDITIONS 

RIG TYPE 

DRILLING COMPANY/DRILLER 

GEOLOGIST/ENGINEER 

CREW MEMBERS 

WATER LEVEL/TIME 

TOTAL DEPTH 

ENVIRONMENTAL MATERIALS 

TYPES, VOLUMES, AND 

DRUMS USED 

DIAMETER OF BORING 

TYPE AND SIZE OF BIT 

SAMPLING TYPES 

AND DEPTHS 

SIZE AND TYPE OF CASING 

CASING HAMMER SIZE 

DRILLING FLUID TYPE 

FLUID RETURN/LOSS 

A N D  PRESSURES 

COMPRESSOR/PUMP TYPE 

DEPTH TO BEDROCK 

END-OF-DAY STATUS 
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2.0 PURPOSE AND SCOPE 

This standard operating procedure (SOP) describes procedures that will be used at the Rocky Flats 

Plant (RFP) to plug and abandon (P&A) boreholes. Plugging refers to the physical process of 

filling the hole with grout while abandonment refers to the completion and documentation of all of 

the requirements of this SOP. 

A borehole is defined for the purpose of this SOP as a ground penetration that is drilled for the 

primary purpose of obtaining geologic and environmental information. Generally, a borehole will 

provide retrieval of cores, cuttings, and geophysical data. Boreholes may be uncased or partially 

or fully cased. This SOP addresses abandonment of boreholes immediately after completion of 

drilling; therefore, the depth, diameter, and other features of the borehole will be known. Unless 

the status of a borehole is changed, it will be plugged and abandoned immediately after the desired 

data are collected. 

The status of a borehole may be changed to that of a well. A well is defined for the purpose of this 

SOP as a surface penetration drilled for the purpose of installing a water well; i.e., for monitoring 

and/or production, or a cased penetration designed to obtain piezometric information. 

Abandonment of wells is addressed in SOP GT.ll, Plugging and Abandonment of Wells. 

Abandonment of previous ground penetrations of unknown status is also addressed in SOP. GT.ll. 

3.0 PERSONNEL QUALIFICATIONS 

(401 l-REv40rr)(mREv.l)(0?/10/91) 

Personnel overseeing the plugging and abandonment at boreholes will be geologists, geotechnical 

engineers, or field technicians with, an appropriate amount of applicable field experience or on-the- 

job training under supervision of another qualified person. 
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4.0 REFERENCES 

4.1 SOURCE REFERENCES 

The following is a list of references reviewed prior to the writing of this procedure: 

A Compendium of Superfund Field Operations Methods. EPA/540/P-87/001. December 1987. 

Guidance for Conducting Remedial Investigations and Feasibilitv Studies Under CERCLA. Interim 

Final. EPA/540/G-89/004. October 1988. 

RCRA Facilitv Investigation Guidance. Interim Final. May 1989. 

RCRA Groundwater Monitoring Technical Enforcement Guidance Document. EPA. OSWER- 

9950.1. Washington D.C. September 1986. 

4 3  INTERNAL, REFERENCES 

Related SOPS cross-referenced by this SOP are: 

SOP F0.5, Handling of Purge and Development Water 

SOP F0.8, Handling of Drilling Fluids and Cuttings 

SOP F0.9, Handling of Residual Samples 

SOP F0.3, General Equipment Decontamination 

SOP F0.4, Heavy Equipment Decontamination 

SOP GT.lO, Borehole Clearing 

SOP GT.ll, Plugging and Abandonment of Wells 

SOP GT.2, Drilling and Sampling Using Hollow-Stem Auger Techniques 
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0 SOP GT.3, Isolating Bedrock from the Alluvium with Grouted Surface Casing 

SOP GT.4, Rotary Drilling and Rock Coring 0 

5.0 EQUIPMENT AND PROCEDURES 

5.1 MATERIALS AND EQUIPMENT 

The following materials and equipment may be used: 

0 Health and safety monitoring equipment and personal protective equipment 

according to the Health and Safety Plan 

0 Borehole plugging and abandonment form 

Black waterproof ink pen 

0' Drill rig and associated equipment 
. .  

0 Reduced pH bentonite grout (American Colloid Pure Gold, or approved 

equivalent), mixed in a powered mechanical grout mixer according to 

manufacturer's recommendations. The grout will contain at least 30 percent solids 

by weight and have a minimum density of 9.9 pounds per gallon after mixing. A 

mud balance will be used to check grout density prior to pumping for each 

borehole. 

0 Cement bentonite grout (proportioned as 1 sack [94 pounds] of Portland cement, 

5 pounds of powdered bentonite, and approximately 8 gallons of potable water) 
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0 Portable metal tanks for flushing and mkng  

0 High pressure steamer/spray 

0 Phosphate-free, lab grade detergent (e.g., Liquinox) 

0 Drums for containment of borehole effluent and sediment 

0 Weighted measuring tape 

0 Mirror 

0 Spotlight 

5.2 PROCEDURES 

Equipment for plugging and abandoning boreholes will be used according to the requirements of 

SOP GT.2, Drilling and Sampling Using Hollow-Stem Auger Techniques and SOP GT.4, Rotary 

Drilling and Rock Coring. These.requirements include use of contaminant-free lubricants only @e., 

pure vegetable oil) and visual monitoring of equipment for hydraulic and/or fuel or oil leaks. All 

procedures will be conducted according to the applicable Health and Safety Plan. If necessary, 

project-specific requirements will be addressed in a Standard Operating Procedures Addendum 

(SOPA). 

Plugging will involve placing bentonite grout by a tremie pipe positioned at the bottom of the hole. 

The grout will be mixed in a powered mechanical grout mixer. The tremie pipe can be raised 

during grouting, but it will be maintained from at least 5 to 10 feet below the upper level of the 

grout. The grout will be pumped until any other fluids have been displaced from the hole and 
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undiluted grout is observed flowing from the hole. The tremie pipe will then be removed from the 

hole. After settlement of the bentonite grout, the hole will be cleaned out to a depth of 

approximately 3 feet and a cement bentonite grout will be placed from the ground surface to a 

depth of approximately 3 feet. This cement bentonite grout cap will be installed after 24 hours or 

more to allow for primary grout settlement. If the initial grout settlement is 3 feet or more, the 

upper grout surface will be rehydrated by adding water and waiting approximately 30 minutes prior 

to placing the cement bentonite grout cap. Alternatively, the dehydrated grout may be removed. 

A metal cap with borehole ID and survey information will be embedded in the cement bentonite 

grout. The following information will be inscribed in the cap (see Field Sampling Plan (FSP) for 

siirvey requirements). 

0 Borehole number 

0 Survey coordinates 

0 Elevation 

0 Date 

A grouted surface casing will have been placed in many boreholes prior to completion of drilling 

(see SOP GT.3, Isolating Bedrock from the Alluvium with Surface Casing). These casings will be 

unscreened PVC or steel casing, for the purpose of isolating the bedrock from possible cross- 

contamination by the alluvium during drilling. Steel casing will be removed during borehole 

abandonment. PVC casing may be left in place except for the upper 3 feet where cement grout will 

be placed. . Steel casing will be decontaminated after removal. Abandonment procedures must not 

allow cross-contamination from the alluvium into the bedrock or surface soils. This will require 

grouting the portion of borehole in bedrock prior to casing removal. If difficulties are encountered 

removing casing, further measures, such as overdrilling, may be required according to SOP GT.ll ,  

Plugging and Abandonment of Wells. 

(401 1-REV-002S)(GTSREV.l)(09/10/91) 
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All fluids displaced from the borehole during grouting will be collected and handled according to 

SOP FO.5, Handling of Purge and Development Water, and SOP F0.8, Handling of Drilling Fluids 

and Cuttings. This will require provision at the ground surface to collect fluid, such as surface 

casing discharging to a tank. In very deep boreholes when large quantities of fluids are anticipated, 

more elaborate measures such as grading the area and constructing lined pits, may be required to 

control displaced environmental materials. This will be addressed in an SOPA. 

Upon completion of plugging, the rig and associated equipment will be decontaminated according 

to SOP F0.3, General Equipment Decontamination and SOP F0.4, Heavy Equipment 

Decontamination. Remaining environmental materials will be handled according to SOP F0.8, 

Handling of Drilling Fluids and Cuttings. The ground surface at the site will be restored to near 

original lines and grades. Landscaping and/or pavement will be replaced. 

6.0 DOCUMENTATION 

Information required by this SOP will be documented on the Borehole Log Form, Form GT.M and 

the Borehole Abandonment Field Activities Report Form, Form GTSA. The Field Activities 

Report form will be filled out for each day of abandonm'ent activities at a given borehole location 

and, in situations where more than one boring is abandoned per day per drill rig, at least one form 

will be completed per boring. The boring log will include information on subsurface material 

classification, stratigraphy, and lithology. Environmental materials handling will be documented 

according to SOP F0.8, Handling of Drilling Fluids and Cuttings. The Field Activities Report will 

include the following information and have space for comments and documentation of general 

observations: 

0 Project, crew, and borehole identifications 

Equipment descriptions (rig, tremie, pump, etc.) 

0 Weather conditions 

(401 I-R~00zs)(CnREv.l)(0/10/91) 
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0 Water level in borehole prior to abandonment (if any) 

0 Borehole depth/diameter 

0 Volume of grout placed 

0 Type/length/diameter of casing removed 

0 Type/depth/diameter of casing left in place 

End-of-day status (Le., partially complete, cap set, etc.) 0 

0 Chronological record of activities 

(401 I-REVM)~(GISREV.I)(09/10/91) 
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2.0 PURPOSE AND SCOPE 

This standard operating procedure (SOP) describes procedures that will be used at the Rocky Flats 

Plant (RFP) for installing monitoring wells and open-pipe piezometers. This SOP describes the 

equipment for drilling, field procedures, well material specifications, and decontamination procedures 

that will be used to install and document monitoring wells in order to attain acceptable standards of 

accuracy, precision, comparability, representativeness, and completeness. 

3.0 PERSONNEL QUALIFICATIONS 

Personnel overseeing the installation of monitoring wells and piezometers will be geologists, 

geotechnical engineers, or field technicians with an appropriate amount of applicable field experience 

or on-the-job training under the supervision of another qualified person. 

4.0 REFERENCES 

4.1 SOURCE REFERENCES 

The following is a list of references reviewed prior to the writing of this procedure: 

A ComDendium of Superfund Field ODerations Methods. EPA/540/P-87/001. December 1987. 

Guidance for Conducting Remedial Investigations and Feasibilitv Studies Under CERCLA. Interim 

Final. EPA/540/G-89/004 October 1988. 

RCRA Facilitv Investigation Guidance. Interim Final. May 1989. 
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RCRA Groundwater Monitoring Technical Enforcement Guidance Document. EPA, OSWER- 

9950.1, Washington D.C., September, 1986. 

4.2 INTERNAL, REFERENCES 

Related SOPS cross-referenced in this SOP are as follows: 

SOP F0.3, General Equipment Decontamination 

SOP F0.4, Heavy Equipment Decontamination 

SOP F0.8, Handling of Drilling Fluids and Cuttings 

SOP F0.15, Photoionization Detectors (PIDs) and Flame Ionization Detectors 

(FIDs) 

SOP F0.16, Field Radiological Measurements 

SOP GT.l, Logging Alluvial and Bedrock Material 

SOP GT.2, Drilling and Sampling Using Hollow-Stem Auger Techniques 

SOP GT.3, Isolating Bedrock from the Alluvium with Grouted Surface Casing 

SOP GT.4, Rotary Drilling and Rock Coring 

5.0 EQUIPMENT AND PROCEDURES FOR MONITORING WELL AND PIEZOMETER 
INSTALLATI ON 

Groundwater monitoring wells and open-pipepiezometers (observation wells) will be constructed in 

boreholes drilled and logged according to SOP GT.2, Drilling and Sampling Using Hollow-Stem 

Auger Techniques, or SOP GT.4, Rotary Drilling and Rock Coring, and SOP GT.l, Logging Alluvial 

and Bedrock Material. The construction of monitoring wells is the same as that used for piezometers. 

The distinction between wells and piezometers is based on the intended use. Wells are used for 

obtaining samples of groundwater while piezometers are intended only for water level measurements. 

If different types of piezometers are required (e.g., isolated electronic or pneumatic piezometers), they 

will be addressed in another SOP or in a standard operating procedure addendum (SOPA). All 

(401 1-REv)(GT6REv.l)(OP/10/91) 
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d r i g  and sampling equipment and materials will be protected from the ground surface with clear 

plastic sheeting or will be placed on clean drill racks. 

Personnel installing monitoring wells need to be cognizant of the many factors influencing the 

screened intervals selected for wells. For example, water table wells should have screens of sufficient 

length at the appropriate depth to monitor the water table. Wells with slow recharge should have 

sufficient screen area to allow adequate sample volume. However, long screened intervals should 

generally be avoided since they are of limited value for characterizing discrete zones of contamination. 

Selection of well screen intervals may also depend on the suspected presence of light or dense 

immiscible layers of contaminants floating on.the water table or residing at the bottom of a 

hydrostratigraphic unit (HSU). Screened intervals across different HSUs should generally be avoided 

particularly where there is a potential for cross-contamination between HSUs to occur. 

These factors must be addressed during project planning and the Field Sampling Plan (FSP) will 

normally provide rationale for the planned sampling. Personnel installing monitoring wells should 

be familiar with the FSP and the rationale used in determining well screen intervals. 

5.1 EQUIPMENT AND MATERIALS 

The following is a list of equipment and well materials for well installation: 

0 Drill rig with appropriately sized drill bit augers, and/or rods 
0 High pressure steamer/sprayer 

0 Long-handled bristle brushes 

0 Wash/rinse tubs 

0 Sand bailer 

0 Phosphate-free, lab grade detergent (e.g., Liquinox) 

(401 l-REV)(GT6REV.1)(09/10/91) 
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0 Weighted tape measure 

0 Water level probe 

0 Distilled water 

0 Drums for containment of cuttings 

Appropriate health and safety equipment 0 

0 Field book 

0 Location map 

0 Boring log form 

0 Groundwater observation well report 

53 DRILLING PROCEDURES 

Boreholes for wells will be drilled by using a drill rig and L. illing metuod capable of completing the 

well to the depth specified in the FSP. All drilling equipment, including the drill rig, water tanks, and 

all down-hole equipment will be decontaminated according to SOP F0.3, General Equipment 

Decontamination and SOP F0.4, Heavy Equipment Decontamination. The same decontamination 

procedure will also be followed between boreholes. 

Before drilling, test borings/wells, will have been numbered, located, and identified by using stakes, 

or nails with flagging, on paved surfaces. Drilling locations will be cleared for buried metal objects 

and utility interference according to SOP GT.lO, Borehole Clearing. Boreholes will be advanced from 

the ground-surface to a predetermined target depth given in the FSP. Boreholes drilled for wells will 

be logged stratigraphically by examination of the sample cuttings or core samples according to SOP 

GT.l, Logging Alluvial and Bedrock Material. 

If hollow-stem augers are used for alluvial wells, the boreholes will be augured as little as possible into 

claystone bedrock (approximately 6 inches or less), since the claystone bedrock cuttings may tend to 

be smeared along the side of the borehole in the alluvium. Therefore, after the augers have been 

(401 l-REV)(GT6REV.1)(09/ 10/91) 



MONITORING WELLS AND PIEZOMETER INSTALLATION 

EC&C ROCKY FLATS PLANT Manual: 5-21000-OPS 
EMD MANUAL OPERATION SOP Procedure No.: CT.6, Rev. 1 

Page: 6 of 17 
Effective Date: August 30, 1991 

Category 2 Organization: Environmental Management 

advanced to the bedrock contact, an appropriately sized drive sampler will be driven 2 feet into the 

claystone bedrock to provide a pilot hole for a 2-foot deep sediment sump. The sediment sump will 

be a 2-foot-long piece of blank casing installed immediately beneath the screen in all wells. The pilot 

hole will have a diameter no more than 1-inch greater than the outside diameter (OD) of the casing. 

During the drilling process, the center bit will be removed slowly to prevent sand from entering 

(blowing into) the bottom auger. In the event of sand blow-in, RFP potable water may be added to 

the inside of the augers to equalize the hydrostatic pressure of the formation water. A record of the 

amount of water placed in the well will be kept so that it can be taken into account during well 

development. 

The inside diameter (I.D.) of the augers will be approximately4 inches or more larger than the outside 

diameter (O.D.) of the casing, resulting in a 2-inch annulus around the casing. Similarly, a 2-inch 

annulus will be provided around well screens and casings when wells are constructed in open portions 

of boreholes. In open-hole installation (wells constructed in uncased boreholes), the use of stainless 

steel casing centralizers will be required to ensure the 2-inch annulus is maintained. Centralizers 

should be provided above and below the well screen, but not within the bentonite seal. Depending on 

the well depth and diameter, centralizers may also be required at intervals along the riser to provide 

a 2-inch grout annulus. When hollow-stem augers are used, centralizers will only be required if the 

auger flights are not a sufficient size to ensure a 2-inch minimum annulus dimension on all sides of 

the screen. 

During the drilling operation, the cuttings and formation water from the boring will be placed in 

environmental materials drums if required (see SOP F0.8, Handling of Drilling Fluids and Cuttings). 

Single-cased wells will be used in the alluvial/unconfined aquifer. Double casing will be required for 

bedrock wells installed in areas of potentially contaminated alluvial groundwater. Surface casing will 

(401 l-REV)(CiT6REV.l)(09/10/91) 
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be installed through the alluvium according to SOP GT.3, Isolating Bedrock from the Alluvium with 

Grouted Surface Casing. 
, 

Boreholes for alluvial and bedrock wells will be drilled according to SOP GT.2, Drilling and Sampling 

Using Hollow-Stem Auger Techniques or SOP GT.4, Rotary Drilling and Rock Coring. 

53 WELL MATERIALS AND INSTALLATION PROCEDURES 

53.1 Materials 

53.1.1 Well Casings 

Well casings will consist of new, threaded, flush-joint schedule 40 poly-vinyl chloride (PVC) unless 

another type of casing (e.g., stainless steel) is required by the FSP or a SOPA. The well casing will 

extend from the top of the well screen to approximately 2 feet above ground surface. The tops of all 

well casings will be fitted with slip-on or threaded PVC caps which can be easily removed by hand. 

All joints within the casing string will be threaded. Heat-welded joints, solvents, and/or gaskets will 

not be used. Polytetra fluoroethylene (PTFE) tape will be wrapped around the joint threads to 

improve the seal. All well casings will be free of foreign material and will be steam cleaned with 

approved water before use. Steam-cleaned casings will be stored in plastic sleeves prior to use. Casing 

with stamped or stenciled nomenclature will not be used. 

53.12 Well Screens 

Well screens will consist of new threaded PVC pipe (unless another material [e.g., stainless steel] is 

required by the FSP or a SOPA) with 0.010-inch factory-machined slots or wrapped screen. All well 

screens will have an I.D. equal to or greater than that of the well casing. The wall thickness of PVC 

screen will be the same as that of the well casing. A 2-foot deep sediment sump will be used beneath 
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53.13 

53.1.4 

53.15 

the screen. A threaded cap or a slip-on cap secured with stainless steel screws will be provided at the 

bottom of the sump. Well screen with stamped or stenciled nomenclature will not be used. 

Filter Pack 

The filter pack material will be chemically inert, rounded, silica sand of appropriate size for the well 

screen and host environment. Grain size analyses of the unconsolidated formations underlying the site 

have indicated a 16-40 gradation is appropriate and will be used on the site unless the ESP or SOPA 

indicates otherwise. The filter pack will extend approximately2 feet above the top of the screen unless 

otherwise specified. The final depth to the top of the filter pack will be measured directly by using a 

weighted tape measure and not by using volumetric calculation methods. The volume placed will be 

recorded. I 

Bentonite Seal 

A bentonite seal will be installed above the filter pack. The seal will consist of a layer of commercially 

available bentonite pellets that is at least 3 feet thick when measured immediately after placement, 

without allowance for swelling. 
. .  

Bentonite Grout 

The annular space between the well casing and the borehole will be grouted from the top of the 

bentonite seal to ground surface. The grout will consist of high-solids reduced pH bentonite grout 

(American Colloid Pure Gold or approved equivalent) mixed in a powered mechanical grout mixer 

according to the grout manufacturer’s recommendations. The grout will contain at least 30 percent 

solids by weight and have a minimum density of 9.9 pounds per gallon after mixing. The density will 

be checked with a mud balance. 

(401 l-REV)(CT6REV.l)(W/lO/91) 
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Grout will be placed outside of the monitoring well casing using a side-discharge tremie pipe located 

just above the top of the bentonite seal. The grout will be pumped through the pipe until undiluted 

grout flows from the annular space at the ground surface. The tremie pipe will then be removed and 

more grout added to compensate for settling. After 24 hours, the site will be checked for grout 

settlement and more grout added to fill any depressions. The total volume placed will be recorded. 

532 Installation Procedures 

532.1 Alluvial Piezometer and Monitoring Well Installation 

Figure GT.6-1 shows a schematic diagram of the lower portion of an alluvial well completion. 

Monitoring well installation will begin after formation water and fine grained sediment have been 

bailed using a sand bailer until the water is relatively clear and free of sediments. If granular soils do 

not blow into the bottom auger, raising the augers 1 to 2 feet above the bottom of the hole can help 

with the removal of muddy water from outside of the augers. This will not work if the hole bottom 

caves or blows in. 

The borehole depth will then be measured' to the nearest 0.1 foot, and the well assembly will be 

measured to the nearest 0.01 foot;. The portion of the well casing cut off at the top will be measured 

and subtracted from the total length supplied to determine the total well assembly length. 

Once the well assembly is in place, the filter pack will be added slowly to the zone below the water 

level in the borehole by tremie pipe. If filter pack material is placed in wells above the water level in 

the borehole, a tremie pipe will not be required inside of hollow-stem augers. A tremie pipe will be 

required for all filter placement in open hole completions. The filter pack will be added in 1- to 2-foot 

increments. Similarly, the augers will be raised in 1- to 2-foot increments so that the sand level is 

always at or slightly above the bottom of the augers. Depth measurements of the top of the filter 
material will be taken continuously in the well annulus as the filter is placed. The final depth to the 

(401 1-REv)(GT6REv.l)(OS/10/91) I. 
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top of the filter pack will be approximately 2 feet above the top of the well screen and will be directly 

measured by a weighted tape measure. The weight on the measure tape will be stainless steel in the 

event that it accidentally becomes embedded in the filter pack. If bridging of the filter material occurs 

in the well annulus or tremie pipe during placement, the bridged material will be broken loose 

mechanically by shaking augers and/or well assembly. Bridged material in the annulus may also be 

broken loose by probing with a 1-inch-diameter tremie pipe. If both of these methods are 

unsuccessful, distilled water may be pumped through the 1-inch tremie pipe to dislodge the bridged 

material. A record of the amount of water placed in the well will be kept so that it can be taken into 

account during well development. The volume of filter material placed will also be recorded. 

A minimum %foot bentonite pellet seal (before swelling) will be installed immediately above the filter 

pack. If the bentonite pellet seal will be placed below the water table, it will be installed through a 

tremie pipe. The bentonite pellets will be added slowly to reduce the chances for bridging of the 

pellets inside the tremie. The augers will be raised approximately 1 foot above the filter pack prior 

to adding the bentonite pellets. The top of the bentonite seal should never be above the base of the 

augers. If the bentonite seal is placed above the water level in the borehole, the pellets may be allowed 

to free-fall into the borehole if hollow-stem augers are being used. The bentonite will be hydrated 

using 5 gallons of distilled water after the base of the augers are raised approximately 1 foot above the 

top of the bentonite seal. The completed bentonite seal will be allowed to hydrate for approximately 

30 minutes before proceeding with the grouting operation. 

Bentonite grout backfill will be placed from the top of the bentonite seal to the ground surface. The 

grout mixture will conform to the specifications outlined in Subsection 5.3.1.5, Bentonite Grout. The 

grout will be tremied into the well annulus using a side-discharge tremie until it is completely full. The 

volume of grout placed will be recorded. The well casing will be checked for plumb by use of a 

weighted tape lowered from the center of the casing. If the tape touches the side of the casing prior 

to reaching the bottom, the casing will be shifted as much as possible to a vertical alignment and held 

in place while the grout sets up and hardens. After settlement of the bentonite grout has been allowed 
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for 24 to 48 hours, the protective steel casing will be embedded in cement-bentonite grout or 

nonshrink concrete. The cement-containing grout will occupy the upper 1 1/2 to 3 feet of the well 

annulus to anchor the protective casing. This may require removing some of the bentonite grout from 

the upper 1 1/2 to 3 feet of the well annulus. If the upper grout surface is dehydrated, it will either 

be removed or rehydrated by adding water and waiting approximately 30 minutes. 

5322 Bedrock Piezometer and Monitoring Well Installation 

Figure GT.6-2 shows a schematic diagram of the lower portion of a bedrock well completion. Bedrock 

piezometers and monitoring well installations will be similar to the alluvial well installation procedures 

except that a surface casing will be provided through the alluvium to guard against potential cross- 

contamination of bedrock aquifers by contaminated alluvial groundwater. The surface casing will 

extend from the ground surface to at least 3 feet below the bedrock alluvium contact. This casing will 

be installed according to SOP GT.3, Isolating Bedrock from the Alluvium with Grouted Surface 

Casing. 

If rotary drilling methods (see SOP GT.4, Rotary Drilling and Rock Coring) are required, the 

installation procedures will be similar except that the well may be completed in an open hole instead 

of inside of hollow-stem augers. The well string will be suspended approximately 2 inches above the 

bottom of the borehole prior to installing the filter pack. This will reduce bending of the well assembly 

and minimize the potential for collapse of the casing due to the weight of fluid in the annulus. 

Stainless steel centralizers will be placed at 20-foot-maximum spacing for wells completed in open 

holes. 

(401 l-REV)(GT6REV.l)(09/10/91) 
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5323 Well Features at Ground Surface 

Figure GT.6-3 shows a schematic diagram of well features at the ground surface. A 5-foot-long 

protective steel casing with a hinged and locking steel cap will be installed over the monitoring well 

riser that projects above the ground surface between 24 and 48 hours after initial grout placement. 

The protective casing will have a minimum 8-inch I.D. for 4-inch wells and a minimum 6-inch I.D. for 

2-inch wells. The well designation will be welded on the protective casing. 

The bottom of the protective casing will be embedded 2 to 3 feet below the ground surface in concrete 

or cement grout. Prior to installing the protective casing, the well will be checked for alignment by 

lowering a 5-foot-long, 1 1/2-inch diameter bailer down the entire depth of the well. If the bailer 

hangs up, the EG&G project manager will decide whether or not the well needs to be reconstructed. 

The annulus between the well riser and the steel protective casing will be filled with nonshrink cement 

grout or concrete to a minimum of 12 inches above the ground surface, and a 1/4-inch-diameter hole 

will be drilled in the protective casing just above the grout or concrete surface to allow drainage. 

At the same time the protective steel casing is grouted or concreted in place, an external concrete 

collar approximately 3 feet square will be placed around the protective casing at the ground surface. 

The well designation will be scribed in the concrete before it sets. The collar will be graded to slope 

away from'the casing in all directions. 

When traffic conditions or vegetation warrant extra protection, four 3-inch-diameter steel posts will 
be installed. The posts will be located radially from the well casing at a distance of approximately 4 

feet. They will be embedded in concrete 3 feet below the ground surface with a minimum of 3 feet 

sticking up above the ground. Installation is required within 48 hours of well installation. In areas of 

high vegetation, the posts will be flagged. 
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6.0 DOCUMENTATION 

The installation of monitoring wells and piezometers will be documented on groundwater monitoring 

well and piezometer report forms. Drilling information will be documented on Rocky Flats Plant 

Borehole Log Forms, Form GT.lA and on hollow-stem auger or rotary and core drilling field activities 

report forms (SOPs GT.2 and GT.4) Besides the drilling and borehole information required by these 

other SOPs, the following documentation will be recorded on the Groundwater Monitoring Well and 

Piezometer Report Form, Form GT.6A. Location references will use the State Plane Coordinate 

System and elevations will be feet above mean sea level (USGS datum). 

Elevation of ground surface 

Elevation of top of surface casing/riser pipe 

Height of top of surface casing/riser pipe above ground surface 

Depth of surface seal below ground surface 

Type of surface seal 

Type and size of surface casing 

Depth of surface casing below ground 

Types/depths of centralizers 

Type and size of.riser pipe 

Diameter of borehole 

Depth of borehole 

Type/volume of backfill 

Elev./depth top of seal 

Type of seal 

Elev./depth bottom of seal 

Type/volume of filter pack 

Depth of top of filter pack 

Elev./depth top of screened section 

(401 I-REV)(GT6REV.l)(09/10/91) 
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Type of screened section 

Screen openings 

I.D. of screened section 

Elev./depth of bottom of screened section 

Length of blank section below screen 

Elev./depth of bottom of plugged blank section 

Elev./depth of bottom of sand column 

Type of backfill below observation pipe 

Elev./ depth of bottom of hole 

.. 
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2.0 PURPOSE AND SCOPE 

This standard operating procedure (SOP) describes equipment, decontamination, and procedures 

that will be used for field data collection and documentation during logging and sampling of test 

pits and trenches in order to attain acceptable standards of accuracy, precision, comparability, 

representativeness, and completeness. 
, 

Open excavations, long and narrow if a trench, or rectangular if a pit, may be used for shallow 

geological and environmental subsurface exploration and/or sampling purposes. Trenches or pits 

will be excavated manually or with a machine such as a backhoe, clamshell, trencher excavator, or 

bulldozer. Samples may be obtained by using a variety of sampling equipment. 

3.0 RESPONSIBILITIES AND QUALIFlCATIONS 

Personnel logging and sampling test pits and trenches will be geologists, geotechnical engineers, or 

field technicians with an appropriate amount of applicable field experience or on-the-job training 

under the supervision of another qualified person. 
.. 

4.0 REFERENCES 

4.1 SOURCE REFERENCES 

The following is a list of references reviewed prior to the writing of this procedure. 

A Compendium of Superfund Field Operations Methods. EPA/540/P-87/001. December 1987. 

Soil Sample Collection--Surface. Colorado Department of Health Radiation Counting Facility, 

Operating Procedure. July 1, 1989. 

(401 l-REV~26)(G17REv.I)(09/10/91) 
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4.2 INTERNAL REFERENCES 

Related SOPS cross-referenced by this SOP are as follows: 

0 SOP F0.3, General Equipment Decontamination 

SOP F0.4, Heavy Equipment Decontamination 

SOP F0.13, Containerizing, Preserving, Handling, and Shipping of Soil and Water 

SOP GT.l, Logging Alluvial and Bedrock Material 

SOP GT.8, Surface Soil Sampling 

0 

0 

Samples 
0 

0 

0 SOP GT.lO, Borehole Clearing 

5.0 EQUIPMENT AND PROCEDURES 

5.1 MATERIALS AND EQUIPMENT 

The following is a list of equipment and materials that may be needed to perform trenching and 

trench sampling: 

e . '  

0 Backhoe (or other appropriate excavation equipment) 

2- to 3-inch-diameter stainless steel, thin-walled tube (Shelby tube) samplers 

Extension rods with slide hammer apparatus to drive tube samples 

Plastic caps for tube samplers 

0 Steam cleaner 

0 

0 Sample jars 

0 Teflon@ sheeting 

0 Electrical tape 

0 4-mil polyethylene sheeting 

0 

0 
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5.2 

5.2.1 

Coo 1 e r s 

Ice (H,O or blue ice) 

Sample labels 

Chain-of-custody forms 

Phosphate-free detergent (e.g., Liquinox) 

Tap water 

Distilled water 

Plastic buckets 

Scrub brush 

Stainless steel bowl 

Stainless steel long-handled spoon 

Stakes 

Gridded paper 

Tape measure 

Camera and film (photography is security controlled) 

Photolog form(s) (Form GT.7C) 

Location map(s) 

Compass 

Personal healthmd safety equipment, as described in the Health and Safety Plan 

HSP) 

PROCEDURES 

Excavation 

Prior to excavating, locations will be cleared according to SOP GT.lO, Borehole Clearance. All 

excavations that are deeper than 4 feet must be examined, and measures taken to comply with 

I (401 l-REV~~)(G~Ev.l)(09/10/91) 
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OSHA regulations prior to personnel entry. All activities will be conducted in accordance with the 

Health and Safety Plan (HSP). 

Excavated material will be selectively stockpiled near the excavation to allow backfilling of the 

material in the general order in which it was removed. Material excavated from within an 

Individual Hazardous Substance Sites (IHSS) will be stockpiled within the IHSSboundaries to avoid 

expansion of the IHSS. Depending on sampling requirements outlined in the Field Sampling Plan 

(FSP), samples may be obtained from the excavation bottom at different depths as excavation 

proceeds, or the pit may be excavated to its final depth and then sampled from the sides. 

Pits and trenches will normally be backfilled the same day as excavation, immediately after 

completion of sampling and/or logging. If pits are left open overnight, the pit and stockpile will 

be covered and barricaded for personnel safety and prevention of windblown dispersal of soils. 

5.22 Logging 

Classification of soil and rock, and logging of pits and trenches will be conducted in general 

accordance with SOP GT.l, Logging Alluvial and Bedrock Materials. Reference stakes or reference 

lines between stakes should be used to help measure the pit dimensions and stratigraphy. If the 

stratigraphy is consistent around the periphery of the pit or on both sides of a trench, a borehole 

log may be sufficient to document the conditions. However, if relatively complex conditions are 

exposed, a.sketch of the pit wall(s) should be made to supplement the log form. The sketch will 

be drawn to scale and indicate the major stratigraphic features exposed in the pit. Any visual signs 

of contamination will also be noted in the sketch and/or on the log. The pit sketch will include a 

plan view showing the pit orientation with a north arrow and will indicate the side(s) that is 

sketched. 
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523 Sampling 

Prior to sampling, the surface to be sampled (bottom or side) will be peeled with a stainless steel 

instrument to expose an undisturbed surface. Peeling will remove material possibly cross- 

contaminated during the excavation process by materials from other depths within the pit. If the 

trench or pit sides are sampled, peeling will start at the top and proceed downward and then 

sampling will start at the bottom and progress upward. Alternatively, each sample location may be 

individually peeled immediately prior to obtaining the sample. 

After peeling, sampling will be conducted either by driving stainless steel thin-walled (Shelby) tubes, 

or by using a stainless steel spoon or scoop, to remove soils from the pit and then placing them in 

a container. In general, sample containers will be consistent with those described in SOP FO.U, 

Containerizing, Preserving, Handling, and Shipping of Soil and Water Samples. However, Volatile 

Organic Analysis (VOA) samples may be obtained in stainless steel drive tubes and then 

immediately capped with TeflonQ-lined plastic caps sealed with electrical tape. 

In the case of radiological contaminant exploration, the FSP may require that several samples be 

obtained within the upper 1 to 2 inches of the pit. If so, the procedures in SOP No GT.8, Surface 

Soil Sampling, will be followed for these samples. Prior to sampling each depth, the ground surface 

will be excavated to the appropriate required depth with a shovel, and then the surface will be 

peeled with a stainless steel scraper over the- required area. In- wet or windy weather conditions, 

precautions will be taken so that the moisture of the samples is not affected by weather and so that 

windblown dust does not cross-contaminate samples. Depending on the severity of the weather, this 

may require suspending sampling activities. 
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52.4 Trench Backfilling - Site Restoration 

After completion of sampling and logging, the original soils will be replaced in the pit or trench at 

their original depths to the extent practical so that the soil from the bottom of the trench will be 

placed on the bottom and the topsoil will be replaced on the top. This can generally be 

accomplished by replacing the excavated material in layers of less than 8 inches on uncompacted 

thickness and making several passes over the soil lift with compaction equipment designed to 

compact soil. Backfill in outlying areas need not be compacted beyond tamping with a backhoe 

bucket. All excavation will be restored to near original line, grade, and aesthetics. 

52.5 Surveying 

Pit locations will be surveyed either before or after excavation. Surveying will involve obtaining 

horizontal coordinates of a stake near the center of the pit and an elevation of the ground surface 

at the stake. Required accuracies are given in the FSP. 

6.0 DECONTAMINATION 

Excavation equipment will be decontaminated prior to excavating each trench or pit and at the 

conclusion of the operation. Sampling and peeling equipment will be decontaminated prior to 

collecting each sample. Care should be taken to inspect and monitor all excavation equipment, 

especially the backhoe, to ensure that no hydraulic and/or fuel leaks add contaminants to the site. 

Specific decontamination procedures are described in SOP F0.3, General Equipment 

Decontamination and SOP F0.4, Heavy Equipment Decontamination.. 

I (401 I-REVW26)(~EV.I)(09/10/91) 
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7.0 DOCUMENTATION 

All information required by this SOP will be documented on the Borehole Log Form (in SOP GT.l, 

Logging Alluvial and Bedrock Materials); the Field Activities Report, Pits and Trenches Form 

(Form GT.7A); the Profile Sketch Form (Form GT.7B); and the Photolog Form (Form GT.7C). 

The Field Activities Report Form will be filled out for each day of excavation at a given location, 

and, in situations where more than one pit or trench is excavated and completed per day, at least 

one form will be completed per pit or trench. The Borehole Log Form will include information on 

subsurface material classification and lithology. 

The Profile Sketch Form will show stratigraphy graphically if warranted by the complexity of the 

conditions exposed. At least one color photograph will be taken of each trench or pit, and multiple 

photographs will be obtained if conditions vary across the pit or trench. All photographs taken at 

the RFP must conform to plant security controls. The roll number, frame number, orientation, and 

location of each photograph will be recorded on the Photolog Form. A visual scale and color 

reference chart will be included in all photographs. An 8-inch by 10-inch print will be stapled to 

the photolog form. The Field Activities Report will include the following information and have 

space for comments and documentation of general observations: 

Project, crew, and borehole identifications 

Weather conditions 

Equipment descriptions (backhoe, shovel, etc.) 

Sampling information (types, depths, locations) 

Site restoration 

Pit/trench horizontal dimensions 

Pit/trench depth 

Chronological record of activities 

I (401 1-REv-0026)(~.1)(0)/10/91) 
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2.0 PURPOSE AND SCOPE 

This standard operating procedure (SOP) describes procedures that will be used at Rocky Flats 

Plant (RFP) to sample near-surface soils. The SOP is divided into two primary sections: one for 

obtaining surface scrapes according to several protocols for assessing radionuclide contamination 

(Section 5.0) and another for more generalized sampling of near-surface soils for other 

nonradionuclide analyses (Section 6.0). 

This SOP describes personnel responsibilities and qualifications, sampling equipment and 

procedures, decontamination, and documentation procedures. 

3.0 RESPONSIBILITIES AND QUALIFICATIONS 

Personnel sampling surface soils will be scientists, engineers, or field technicians with an appropriate 

amount of applicable field experience or on-the-job training under the supervision of another 

qualified person. 

4.0 REFERENCES 

4.1 SOURCE REFERENCES 

The followkg is a list of references reviewed prior to the writing of this procedure: 

A Compendium of Superfund Field Operations Methods. EPA/540/P-87/001. December 1987. 

Colorado Department of Health Radiation Counting Facilitv Operatine Procedure. Version 1.0. 

"Soil Sample Collection - Surface." July 1989. 

(401 I-RW-0027)(GTSREV.1)(09/11/91) 
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Guidance for Conducting Remedial Investigations and Feasibilitv Studies Under CERCLA. Interim 

Final. October 1988. 

RCRA Facilitv Investipation Guidance. Interim Final. May 1989. 

Rockwell International Rockv Flats Plant Environmental Restoration Propram. Oualitv Control 

- Plan. January 1989. 

The Environmental Survev Manual. DOE/EH-0053. Volumes 1-4. August 1987. 

4.2 INTERNAL REFERENCES 

Related SOPS cross-referenced by this SOP are as follows: 

0 SOP F0.3, General Equipment Decontamination 

SOP F0.13, Containerizing, Preserving, Handling, and Shipping Soil and Water 0 

Samples 
0 SOP F0.16, Field Radiological Measurements 

SOP GT.2, Drilling and Sampling Using Hollow-Stem Auger Techniques 

SOP GT.7, Logging of Test Pits and Trenches 

0 

0 

5.0 PROCEDURES FOR SURFACE RADIONUCLIDE SOIL SAMPLING 

There are 3 surface radionuclide soil sampling techniques employed at the RFP: (1) Colorado 

Department of Health (CDH) method, (2) Rocky Flats (RF) method, and (3) the "grab method." 

The CDH method will be used in Inter-Agency Agreement (IAG) projects, Environmental 

Management (EM) support for construction work on site, and other DOE related work. The RF 
method will be used in the annual soil monitoring program and other specialized projects. The 

(4011-RMM)n)(GT8REV.I)(DJ/I 1/91) 
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"grab method will be used in special circumstances when the CDH or the RF  methods do not 

apply. The primary considerations for acquiring surface soil samples for radionuclide analysis 

include the following: 

0 Sample handling should be minimized. 

0 The sample will be placed in an air-tight stainless steel container or  wide-mouth 

plastic container immediately after collection. 

0 The sample will be properly labeled. 

0 No sieving of soil material will be performed in the field. 

Refer to SOP F0.13, Containerizing, Preserving, Handling, and Shipping of Soil and Water Samples 

for further details. Above-surface plant parts and coarse material (pebbles, rocks, and stones) will 

be removed by the sampling team. The soil samples will be classified according to SOP GT.l, 

Logging Alluvial and Bedrock Material. All sampling equipment will be protected from the ground 

surface with plastic sheeting. 

5.1 EQUIPMENT AND MATERIALS 

The follo&g is a list of equipment used for radionuclide contaminated soil sampling: 

0 CDH soil sampler 

Stainless steel scoop 

0 Stainless steel lab spoon 

b Stainless steel mixing bowl or pan equivalent 
b Sample containers 

(401 I-REV~n)(cTsREV.l)(DJ/1l /9l)  
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5.2 

52.1 

PROCEDURE 

Sample labels 

Wash and rinse tubs 

Phosphate-free detergent 

Distilled water 

Plastic sheeting 

Sample locations (map and/or list) 

Appropriate health and safety equipment 

Logbook 

Sampling locations are described in the Field Sampling Plan (FSP). Some samples will be 

composited to obtain representative samples of large areas and others will be single-location 

samples. Sampling techniques for either type of sample are the same prior to compositing. 

Soil Sampling with a CDH Sampler 

The preferred method for collecting soil samples for radionuclide analysis at the RFP is with the 

CDH sampler that was designed for this purpose. The sampler is designed to obtain a sample from 

the upper surface 1/4 inch deep from an area 2 inches wide and 2 3/8 inches long, as shown in 

Figure GT.8-1. The following procedures will be used for the CDH sampler: 

1. Always use a clean sample container. 

2. Label sample container into which the soil sample is to be placed. 

(401 I-REv~27)(G~RRI.1)(09/11/91) 
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3. 

4. 

5. 

6. 

7. 

8. 

9. 

Make sure that the soil sampling template is decontaminated and dry, then place 

it on the ground and push it into the soil so that the soil surface is even with the 

upper surface of the sampling template. 

At the back end of the template (the end farthest from the curved scoop at the 

front of the template), place the sampling spade in the soil 1/4 inch deep, up to 

the rolled edges on the flanges on each side of the spade, so that the rolled edges 

face the front edge of the template. Refer to Figure GT.8-1. 

Gently, but firmly, draw the sampling spade forward, so. that the soil is drawn to 

the curved scoop at the front of the sampling template. 

Lift the spade, place it at the back of the template again and draw it forward once 

more to ensure that the entire volume that is defined by the 

template (1/4 inch deep by 2 inches wide by 2 3/8 inches long) is collected into 

the curved scoop at the front of the template. Repeat as necessary to obtain a 

complete sample. 

. 

Taking care not to spill any of the soil that has been collected, lift the template up 

from the ground. Place the curved scoop at the front of the template inside the 

sample container and tip the sampling template up to pour the soil into the 

container. Brush any soil that adheres to the scoop into the sample container. 

Close the container. 

After samples are placed in sample containers, the outside of the container will be 

wiped clean of excess material and placed in double plastic bags. 
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10. Transfer the samples to the sample manager 

11. Decontaminate equipment after use and between sample locations. For specific 

decontamination guidelines, consult SOP F0.3, General Equipment 

Decontamination. Decontamination according to these procedures is not 

necessary between composite sample points; however, excess dirt or mud should 

be cleaned from the equipment. 

522 Soil Sampling with a Jig and Scoop (RF method) 

INTRODUCTION 

0 The purpose of soil sampling can generally be related to one or more specific 

objectives. These are as follows: (1) deposit inventories; (2) deposition 

increment; (3) agricultural availability; (4) resuspension availability; and (5) 

distribution of contaminant. 

0 Procedures given here include those for inventory and resuspension. Inventory 

sampling can be performed with shallow samples supported by a suitable number 

of deep cores. Resuspendable material sampling can be accomplished with 1 cm 

deep samples. 

0 If the objective of sampling is other than inventory or resuspension, special 

collection techniques could be required. When this occurs, the project manager 

should seek expert advice and record the details of the modified procedure. 
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INVENTORY SAMPLING 

a 

Equipment 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Soil sampling jig ( IO X 10 X 5 cm) 

Spare sampling jig parts 

Scoop, stainless steel 

Brushes, wire and paint 

Water supply, detergent, wash bucket and paper towels 

Paint cans, 1 gallon new 

Hammer 

Miscellaneous cold chisels 

Pointed cement trowel 

Marking pens, grease type or felt tip 

Metric rule 

Wood block (10 X 10 X 30 cm) 

Site selection plan 

Log book 
. .  

PROCEDURE 

General 

0 The purpose of sampling is to determine the amount of accumulated plutonium 

that has been deposited on the ground. This is accomplished by collecting a 

sample volume of 5000 cm3 of soil in-situ. The jig outlines a 10-cm square area 

and is driven 5 cm into the soil to cut three sides of the sample. At the fourth 

side, soil is removed from outside the jig’s perimeter. The scoop is used to finish 

(401 l-REV-OOn)(~REv.l)(o9/11/91) 
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the cut on both the fourth side of the sample and the bottom surface. Five 

samples should be collected at each location and composited. 

b In very rocky areas, good sample geometry (shape) cannot be achieved with the 

jig. In those cases, the jig and the metric rule should be used to gauge the desired 

sample size. Rocks and soil are pried or chiseled out of place for collection. 

Sclection of Sample Site 

b A site selection plan should be used to specify the general site location. The plan 

must provide adequate information for the sample collection crew to locate each 

specific site. The sites should be permanently marked with a steel post and 

identification sign so that the same area can be resampled. Permission to collect 

samples and mark the site should be obtained from each landowner. The sample 

collection crew should be accompanied by supervision to ensure that specified 

procedures are followed. 

-. - 
The following site selection criteria should be considered: 

Undisturbed location for the time interval of interest. 

Near the center of a large, flat, open area. 

Not subject to excessive runoff during heavy rain. 

Light to moderate vegetation and permeable soil. 

Not in area of mechanical disturbance. 

(401 l-REVm27)(CrsREV.l)(oJ/I 1 /91) 
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0 If a sample site is not available that meets the above criteria, the independent 

judgment of the crew supervisor should be used to meet the basic objectives as 

closely as possible. 

0 All selected sites should be located on a map. 

COLLECTION PROCEDURES 

Ten soil samples should be collected at each site and composited for analysis. Samples should be 

collected at the center and corners of two one-meter squares which are spaced one meter apart. 

Place the sampling jig on the ground, and using the wood block and hammer, 

drive the jig into the soil to a depth of 5 cm. 

With minimal disturbance to the soil inside the jig, use a scoop, trowel or chisel 

to remove the soil from around the open side of the sample jig. Soil should be 

removed to a depth which will allow easy removal of the sample. 

Discard the soil removed from outside the jig. 

Remove the soil sample from the interior of the jig with a scoop or trowel and 

place it in the paint can. Repeat this procedure at each of the five locations and 

place the samples in the same can to yield one composite sample. 

Label the sample container with the following information: 

Sample site identification 

Collection date 

(401 I-RW4027)(cl-sREV.I)(09/11/9I) 
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Name of sample collector 

As an alternate, remove the soil sample from the interior of the jig with a scoop 

or trowel and place it in a 10-mesh sieve that has a plastic bag attached to the 

bottom to receive the material that passes the sieve. After all the sub-samples 

have been placed into the sieve, attach the cover and seal with tape. Shake the 

sieve for several minutes and discard the oversize soil particles. Place the plastic 

bag of soil fines in the paint can. Make certain to select a plastic bag that 

stretches tightly over the rim of the sieve. 

523 Soil Sampling with a Stainless Steel Scoop ("Grab Sample") 

Sampling with a stainless steel scoop is similar to the method used with the CDH sampler. 

However, the exact sample size and depth will be difficult to duplicate. 

Follow these procedures for use of a stainless steel scoop: 

1. Prepare sample container as previously described. 

2. Use the scoop to excavate the soil; depths and volumes may vary depending on 

field conditions and work requirements. 

3. Containerize and handle as previously described. 

52.4 Compositing of Soil Samples 

Compositing of samples will be required for some tasks. This will be done by emptying the sample 

container(s) into a large stainless steel bowl or pan and stirring by using a stainless steel scoop or 

(401 l-REV40mn)(GTsREV.l)(09/ I I /91) 
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spoon to thoroughly mix the sample(s). The soil will be scraped from the sides, corners, and 

bottom of the pan, rolled to the center of the pan, and mixed. The sample will then to be quartered 

and moved to the four corners of the mixing pan. Each quarter of the sample will then be mixed 

individually. Each quarter will then be rolled to the center of the mixing pan and the entire sample 

mixed together. This procedure will be repeated as necessary to provide a homogeneous sample 

before being placed in the sample container(s). 

6.0 PROCEDURES FOR NONRADIONUCLIDE SURFACE SOIL SAMPLING 

Soil sampling will be done with either a stainless steel scoop for very shallow samples or with a 

spade and a stainless steel scoop. The primary consideration for acquiring samples in the field 

include the following: 

Samples will be stored near 4' C. 

Sample handling should be minimized. 

Sample/air contact should be minimized. 

The sample should be placed in air-tight container immediately after collection. 

For further information on sample handling, refer to SOP F0.13, Containerizing, Preserving, 

Handling, and Shipping Soil and Water Samples, and the task sampling plan. 

6.1 EQUIPMENT AND MATERIALS 

The following is a list of equipment for nonradionuclide contaminated soil sampling: 

0 Spade (long handle) 

0 Mason trowel 

Stainless steel scoop 

(401 1-REv-0027)(G-rSREv.1)(09/11/91) 
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Stainless steel lab spoon 

Sample labels 

Sample containers 

Wash/rinse tubs 

Phosphate-free detergent 

Distilled water 

Plastic sheeting 

Locations (map and/or list) 

Appropriate health and safety equipmenl 

PID (Photoionization detector) or FID (flame ionization detector) 

Logbook 

Ice chest 

The following procedures will apply for surface soil sampling with a spade and scoop: 

1. Carefully remove vegetation and any undesirable top layer of soil to the desired 

sample depth with a decontaminated steel lawn or garden spade. 

2. Using a decontaminated stainless steel scoop or trowel, remove and discard the 

thin layer of soil from the area that contacted the shovel. 

3. Using decontaminated tweezers or forceps, remove debris and coarse materials 

such as pebbles, rocks, and stones. 

4. Transfer the sample into an appropriate sample container with a stainless steel lab 

spoon or equivalent 
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5. Label the sample container with the appropriate sample information including: 

date and time, the sampler’s initials, the sample identification, and sample location. 

Record on the field data collection form. Handle samples according to SOP 

F0.13, Containerizing, Preserving, Handling, and Shipping of Soil and Water 

Samples. 

7.0 DECONTAMINATION 

In general, sampling equipment will be decontaminated between individual sampling points to 

minimize potential cross-contamination. Complete decontamination is not required between 

composite sample points; however, excess dirt or mud should be wiped from the sampler after each 

sample. 

Detailed decontamination procedures are in SOP F0.3, General Equipment Decontamination. 

8.0 DOCUMENTATION 

Form GT.SA, Surface Soil Data Collection form, will be filled out for each sample location and for 

composite sample with the northwest corner of the composite area for the X, Y location. The 

information needed includes sample number, date, time, location code, quarter, purpose, sample 

location, composite information, QC sample information, collection method, sampling team 

members, volume collected, head space reading, COC number, analysis requested, matrix, and the 

shipping date for the sample. Form GTSB, Rocky Flats Field Activities Report Surface Soil 

Sampling, should be used for collection of samples for compositing. The form should include 

project identification, date, sampler, location, grid description (10-acre plot and grid location within), 

time, and equipment decontamination. 
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SURFACE SOIL 
DATA COLLECTION FORM 

Sample No . . . . . . . . . . . . . . . .  : 
Collection Date . . . . . . . . . . . .  : 
Collection Time . . . . . . . . . . . .  : 
Location Code . . . . . . . . . . . . .  : 
Chain of Custody Number . . . .  : 

Coordinates . . . . . . . . . . . . . . .  North or Y: East or X: 

Sample Location . . . . . . . . . . . .  : 

Composite (Y/N) . . . . . . . . . . .  : 
Composite Description . . . . . . .  : 

Collection Method . . . . . . . . . .  : 
Sample Team Leader . . . . . . . .  : 
Sample Team Member . . . . . . .  : 
Sample Team Member . . . . . . .  : 
Sample Team Member . . . . . . .  : 
Container Size . . . . . . . . . . . . .  : % Full: 
Prepared By . . . . . . . . . . . . . . .  : 

Comments: 
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2.0 PURPOSE AND SCOPE 

This standard operating procedure (SOP) describes procedures that will be used at Rocky Flats Plant 

(RFP) to conduct soil gas field surveys or headspace measurements of organic vapors in 

environmental samples. It also provides procedures for dynamic and passive collection of soil gas 

samples to be used in identifying volatile organic compounds (VOC) present at Individual Hazardous 

Substance Sites (IHSS) on the RFP site. The requirements for application of these procedures to 

a given site will be specified in applicable project plans. 

3.0 RESPONSIBILITIES AND QUALIFICATIONS a 
Personnel performing VOC field surveys and/or monitoring with flame ionization detector (FID) 

or photoionization detector (PID) portable vapor meters, and/or collecting soil gas samples will be 

scientists, engineers, or field technicians with appropriate field experience and training provided 

under the supervision of another qualified person. 

Only qualified personnel will be allowed to operate portable gas chromatographs (GCs) or vehicle- 

mounted GCs in mobile laboratories. Required qualifications vary depending on the activity to be 

performed. In general, qualifications will be based on education, previous experience, on-the-job 

training, and supervision by qualified personnel. The subcontractor’s project manager will document 

personnel qualifications related to this procedure in the subcontractor’s project QA files. 

I (401 l-REv~2a)(G~RN.l)(~/10/91) 
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EMD MANUAL OPERATION SOP 
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4.2 INTERNAL REFERENCES 

Related SOPS cross-referenced by this SOP are as follows: 

0 SOP F0.3, General Equipment Decontamination 

SOP F0.13, Containerizing, Preserving, Handling and Shipping of Soil Water 

SOP F0.15. Photoionization Detectors (PIDs) and Flame Ionization Detectors 

(nw 

Samples 

5.0 PROCEDURES AND EQUIPMENT 

The concentration of a Volatile Organic Compound (VOC) in soil gas is a complex function of the 

distribution of the organic compound and its interaction with the soil. This interaction depends on 

a number of soil parameters including soil particle size and mineralogy, soil lithology, heterogeneity, 

organic content, moisture, and temperature. 

Volatile organic contaminants in soils above the water table (vadose zone) can be present in the gas 

phase in unsaturated pore spaces, in the water contained in the unsaturated soils, and sorbed on the 

soil particles. The VOC contamination is the sum of the VOCs contained in all three phases. The 

partitioning of the VOC between gas, liquid, and adsorbed phases is dependent on both the soil 

properties and the chemical properties of the compound. Thus, given the chemical properties of the 

VOC and measurements, or reasonable estimates, of relevant soil parameters, soil-gas data can be 

used to provide semiquantitative estimates of the VOC contamination in soils. 

The sampling and analysis of soil gas can be used as a rapid field screening technique for health and 

safety evaluations of potentially contaminated soils, to aid in the placement of monitoring wells, to 

(401 I-R~VMt8)(GT9REV.I)(03/10/91) 
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identify VOCs, to evaluate the areal extent of soil contamination, and to estimate the effectiveness 

of remedial measures. 

The sampling and analysis of soil gas can be performed by several different methods. A field survey 

of work sites and materials can be performed using a portable organic vapor meter. The field survey 

provides information on total organic vapor concentrations in the air around the work site. A more 

detailed analysis on the location of VOC contaminated soil may be accomplished by performing field 

measurements of soil headspace samples. This technique allows the measurement of the total 

organic vapor concentration from a specific soil sample. Soil gas samples may also be obtained by 

pumping directly from a probe inserted in the ground collecting the gas, and analyzing it. This 

technique of in-situ soil gas sampling allows for the identification and quantification of specific 

volatile organic compounds. 

This procedure will discuss the methods used for the following types of soil gas surveys: 

0 Field surveys 

0 Field measurements of headspace samples 
0 In-situ soil gas sampling 

Dynamic 

Passive 

5.1 FIELD SURVEYS 

Field surveys of work sites, site activities and site materials for volatile organic vapors will be 

accomplished by using direct reading instruments, such as the photoionization detector (PID) 

portable vapor meter and the flame ionization detector [FID] portable vapor meter. Field surveys 

will be used as rapid field screening techniques for health and safety, and for site evaluation before 

(401 l-REV-0028)(GP9REV.1)(05/10/91) 



SOIL GAS SAMPLING AND FIELD ANALYSIS 

EG&G ROCKY FLATS PLANT Manual: 5-2 1000-OPS 
EMD MANUAL OPERATION SOP Procedure No.: GT.9, Rev. 1 

Page: 8 of 27 
Effective Date: August 30,1991 

Category 2 Organization: Environmental Management 

and during the excavation of potentially contaminated soil. These procedures may be used to aid 

in the placement of monitoring wells, and in the evaluation of the areal extent of soil contamination. 

5.1.1 Equipment 

0 Portable PID or FID 

Calibration gas standards of known concentration (specified in SOP F0.15, 

Photoionization Detectors (PIDs) and Flame Ionization Detectors (FIDs) 

5.12 Instrument Calibration and Operation 

See SOP F0.15, Photoionization Detectors (PIDs) and Flame Ionization Detectors (FIDs), for 

instrument operational and calibration requirements. 

A factor which will affect total organic vapor concentration measurements is the type of detector 

which is used (e.g. FID vs. PID). Generally, the FID will be most appropriate for aliphatic 

hydrocarbons and certain oxygenated solvents while the PID will be more sensitive to aromatic and 

halogenated hydrocarbons. PID lamps of different ionization energies will respond with varying 

degrees of sensitivity to the same gases, and are significantly affected by high humidity. Generally, 

the FID response is proportional to the number of carbon-hydrogen bonds and can therefore be 

used to estimate concentrations of total hydrocarbons. 

5.13 Survey Procedures 

The following procedures will be used to measure compounds detectable by PID and/or FID in 

performing field surveys: 

(401 1-REv~m2s)(c;rPREv.1)(03/10/91) 
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1. Check battery charge. Batteries should be recharged for the time frame specified 

in the operating manuals for both the PID and FID instruments. Usual length of 

operating time between charges is 8 to 12 hours. 

2. FID fuel and/or combustion air-supply gauges should be monitored to ensure 

sufficient gas supplies. 

3. Hold instrument probe close to area to be sampled. The low flow sampling rate 

of the instrument provides only localized readings. Use a slow, sweeping motion 

to prevent the bypassing of variable concentration areas, and to allow for 

instrument response lag time. 

4. Record observations, PID and/or FID measurements, source location and 

description, date, time, weather, sample ID, operator and other pertinent 

information in the field book. Perform routine maintenance, as described in detail 

in operating manual, to continue to achieve representative readings. Clean sample 

probe and/or in-line filters (in front of detector) when high background readings 

are exhibited after prolonged use. Use of pipe cleaners or clean air blown 

backward through filters is normally adequate. Do not use organic solvents. 

5 2  FIELD MEASUREMENTS OF HEADSPACE SAMPLES 

The field analysis of soils for organic vapors can be enhanced by obtaining a sample of contaminated 

soil, placing the soil sample in a confined space, and allowing volatization of organic compounds, 

followed by collection of a sample of the air space above the soil sample. This is referred to as 

headspace analysis, and is accomplished by half-filling a sample container with a soil sample to be 

analyzed. VOCs present in the soil pores will diffuse into the remaining unfilled air space within 

the container at approximately the same concentration as in the soil sample. Physical characteristics 

(401 I-RWa02s)(G~RN.l)(0/10/91) 
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of the soil (e.g., temperature, grain size, moisture content, organic carbon content) may have a 

significant affect on the headspace analysis results, and, therefore, estimates of these parameters 

should be recorded at the time the measurement is taken. If a photo or flame ionization detector 

is used for the headspace analysis, record the results on the appropriate forms, Form GT.9A or 

GT9B. 

Headspace analyses are useful in that they can provide real-time data to aid in soil removal 

operations, where decisions regarding the extent of soil excavation and its disposal must be 

determined on-site. In addition, headspace analyses of soils encountered during investigations can 

be screened for health and safety purposes. 

52.1 Equipment 

Portable PID or FID 

Calibration gas standards of known concentration (specified in SOP F0.15, 
Photoionization Detectors (PIDs) and Flame Ionization Detectors (FIDs) 

Split-spoon sampler, hand auger, or other soil sampling apparatus 

Wide-mouth sample jars with screw-cap lids 0 

0 Aluminum foil 

522 Instrument Calibration and Operation 

See SOP F0.15, Photoionization Detectors (PIDs) and Flame Ionization Detectors (FIDs), for 

instrument operational and calibration requirements. 

A factor which will affect total organic vapor concentration measurements is the type of detector 

which is used (e.g. FID vs. PID); see Subsection 5.1.2 for discussion. 

(401 I-RE3’4028)(GT9REV.l)(09/10/91) 
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5 2 3  Sampling Procedure 

The following procedure will be used to measure those compounds present in the container 

headspace detectable by an FID/PID: 

1. Collect soil sample using a split-spoon sampler, hand auger or other apparatus 

which will yield a soil core or intact sample. Be careful not to disturb the sample 

soil during sampling since doing so may release VOCs that are present. Half-fill 

a wide-mouthed sample jar with the soil sample. Cover the container opening with 

aluminum foil and screw the jar lid down tightly. Granular soils should be broken 

apart by shaking the jar. Cohesive soils should be broken by crushing the sample 

as it is placed in the jar, and quickly covering. 

2. Let the sample sit for 1 hour at ambient temperature before taking reading. If the 

sample is collected during cold weather when ambient temperatures are below 

W C ,  or if more immediate results are desired, the volatization process should be 

accelerated by placing the container into a warm environment, such as near a 

vehicle’s air heater or in a warm-water (70-degrees Fahrenheit) bath for 

approximately 30 minutes. 

3. Following the warming period, remove the jar lid and insert the probe of the FID 

or PID through the foil cap (by making a hole in the foil just large enough to 

accept the probe), and take a reading. 

(401 I-REVm~)(GT9REV.I)(09/10I91) 
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53 IN-SITU SOIL GAS SAMPLING 

In-situ soil gas sampling is performed by pulling air samples with a vacuum pump directly through 

a hollow probe in the ground. Analysis of samples can be accomplished by multiple methods. This 

technique allows for the identification and quantification of specific volatile organic compounds. 

In-situ soil gas samples can be collected by dynamic or passive methods. Dynamic soil gas sampling 

involves extracting a volume of soil gas from the ground and analyzing the sample. A hollow steel 

rod is driven into the ground, and the soil gas sample is withdrawn with a vacuum extraction pump. 

The major advantages of dynamic soil gas testing are rapid data availability and the abdity to 

distinguish between soil and groundwater contamination sources by vertical soil gas profiling. 

Passive soil gas sampling generally involves implanting adsorption devices in the shallow surface soil 

and allowing them to adsorb VOC vapors from the soil for a period of days or weeks. After 

exposure, the devices are dug out and sent to a laboratory for analysis. This sampling methodology 

is probably the least expensive, but requires a considerable amount of time, and is less versatile than 

dynamic sampling methods. 

Pertinent site-specific and compound-specific factors which influence the collection and interpretation 

of soil gas are required to be identified and evaluated in order to develop a comprehensive sampling 

program. 

Sampling along an established grid is recommended at sites where the source(s) or general 

orientation of a subsurface plume are unknown. Where data are available which identify the source 

areas or plume characteristics, delineation of contaminant edges is most effectively achieved by 

establishing a transect parallel to the direction of (groundwater) flow and sampling outward from 

the suspected source. Soil gas probes should not be located less than 50 feet apart because the 

resolution of most soil gas techniques can be exceeded. 

(401 l-REVM)28)(GT9RN.l)(09/10/91) 
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In order to effectively design the soil gas surveys and interpret the results, the subsurface transport 

and fate of VOCs should be considered. These factors can have a significant affect on the presence 

and concentration of VOCs in the soil atmosphere. Both physical and microbiological processes can 

influence soil gas investigations. 

Partitioning of the contaminant between gaseous and aqueous phases is the physical process which 

permits contaminants mixed with water below the surface to be detected in soil gas. The air-water 

partitioning coefficient can be dependent on both the vapor pressure and aqueous solubility of a 

compound. Generally, low molecular weight organic compounds (Le., hydrocarbons, halogenated 

hydrocarbons, ketones) are most readily detected in soil gas. Compounds possessing vapor pressures 

less than 1 mm Hg at 25°C will probably not be detected in soil gas. Vapor pressures provide an 

estimate of the diffusion coefficient and, thus, the "mobility" of the compound in the gas phase. 

Soil gas analyses are highly quantitative and specific for individual compounds, but the extrapolation 

to groundwater contaminant concentrations are not quantitative. Soil gas measurements usually 

represent an indirect measure of the parameter of interest (e.g., groundwater plumes, extractable 

hydrocarbon concentrations in soil, sources of subsurface leaks). Variables such as geology, soil 

moisture content and the */water partitioning coefficient of the particular contaminant all affect 

the relationship between soil gas concentrations and groundwater contaminant concentrations. 

Water, either in the vadose zone (i.e., a very wet clay or a perched water zone) or in the saturated 

zone (a contaminated zone below clean water), is the major impediment to vapor movement. Soil 

gas techniques are relatively ineffective for confined aquifers or soils overlain by strata that are 

impermeable to gas diffusion. 

53.1 Dynamic Sampling 

Dynamic soil gas sampling investigations can be performed using either hand-driven or mechanically- 

driven probes and relatively inexpensive field instruments or sophisticated laboratory equipment. 

(401 1-RM-0028)(GIpREV.1)(09/10/91) 
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Procedures 

1. 

2. 

3. 

A manual or powered probe driver that is able to drive the probe into the ground 

and remove the probe after a sample is taken 

Vacuum pump with gauge to extract soil gas 

Hammer drill capable of drilling through asphalt and concrete (if required) 

Power source for hammer drill, power probe driver, and vacuum pump 

Adaptor for soil gas probe with appropriate valves and tubing 

Clear the area to be sampled for utilities, cables, pipes, etc. Clear the surface area 

to be sampled of grass, leaves, and debris. 

Using a manual or mechanical driver, drive a cleaned/decontaminated probe with 

drive pipe(s), as needed, into the ground to the desired depth (minimum is usually 

3 feet). Probes placed in augured boreholes should be driven at least 2 feet deeper 

than the augured depth. If refusal occurs significantly before the sampling depth 

is reached, remove the probe. Clear another sampling point within 1 foot of the 

first point and drive a clean probe again. If refusal occurs, eliminate the area 

within 10 square feet as a sampling point. 

Once the sampling depth is reached, an entry on to the Soil Gas Survey Form 

(Form GT9D) and the Soil Gas Survey Map (Form GT9C) should be made 

denoting the depth, time and location of the sample. The probe should then be 

lifted 1-2 inches to expose the air sampling slots in the drive point. 

(401 1-REv~~)(GTsRN.1)(09/10/91) 



SOIL GAS SAMPLING AND FIELD ANALYSIS 

EG&G ROCKY FLATS PLANT Manual: 5-21O00-OPS 
EMD MANUAL OPERATION SOP Procedure No.: GT.9, Rev. 1 

14 of 27 Page: 
Efk t ive  Date: ' August 30, 1991 

Category 2 Organization: Environmental Management 

-. . 

These techniques require the installation of a probe or soil boring in the vadose zone of a soil 

followed by withdrawal of the soil gas by a vacuum pump. Soil gas samples may be collected in gas 

sample bags, syringes, or on adsorption media. Samples collected in gas sample bags or on 

adsorption media must be analyzed at a nearby or on-site laboratory due to short sample holding 

times. Syringe samples must be analyzed on location immediately after collection. 

A procedure for sampling of soil gas and on-site volatile organic compounds analysis by modified 

EPA Method 502.2 is presented in Appendix A as a reference. 

Soil Gas Probe Installation 

Dynamic or grab sampling techniques require the installation of a probe in the vadose zone of a soil 

followed by withdrawal of the soil gas by a vacuum extraction pump. The probes are usually 

constructed of 1/4 to 1 inch diameter steel pipe and are equipped with perforations near the tip, or 

with a detachable drive point. Soil gas probes must be cleaned with steam or hot water and soap 

before use (see SOP F0.3, General Equipment Decontamination). A sufficient number of 

interchangeable sampling components should be available so that decontamination does not need 

to be performed in the field. 

Multiple soil gas sampling intervals may be sampled at a one location in order to identify 

contaminant profiles. The soil gas sampling can also be performed in augured boreholes or through 

the center of hollow-stem augers by driving the probe at least 2 feet deeper than the augured depth. 

Reauired Eauivment and Avvaratus 

0 Soil gas probe(s), tips (if needed), and drive pipe(s) 

I (401 l-REv4028)(CTsRRr.l)(09/10/91) 
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4. 

5. 

6. 

7. 

8. 

9. 

10. 

Attach adaptor with tubing and stainless steel sampling manifold to the top of the 

probe/driving pipes 

Connect adaptor tubing to vacuum gauge on the low-pressure side of the vacuum 

pump. An in-line liquids trap, programmable mass flow controller equipped with 

a solenoid valve and timer are very useful additions, but are not required 

Run vacuum pump to purge system and displace the ambient air in the soil gas 

prove, drive pipe(s), and tubing before sample collections 

Purge probe and silicone rubber tube connecting system. The vacuum gauge 

installed on the low-pressure side of the vacuum pump will be used to evaluate 

whether a representative soil gas sample can be withdrawn from the subsurface. 

Generally, if the applied vacuum exceeds 12 inches of mercury, the soil is either 

water saturated or does not have a sufficient air-filled porosity to produce a 

meaningful sample. 

Collect samples from tubing/manifold on the low-pressure side of the vacuum 

Pump 

Record time vacuum pump is operated before sample collection, and pressure 

reading (vacuum gauge) of gas in the soil gas probe line, at the time of sampling 

The drive pipe(s) and soil probe should be removed at each location after the soil 

gas has been analyzed. The hole should be backfilled if necessary with a native soil 

or a soilbentonite mixture to avoid creating a migration pathway. After the 

removal of the soil probe, the distance between the sampling location and a known 

point should be measured and recorded on the soil gas survey map (Form GT9C) 

and a flag left at the sampling location for subsequent surveying. 

(401 I-RN~Ze)(GlPREv.l)(09/10/91) 
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53.12 SamDling for Total Organic VaDor Analvsis 

In the simplest sampling/analysis technique, an organic vapor monitor such as a PID or FID is used. 

A piece of tubing of appropriate length is attached to the probe adaptor manifold and the PID/FID. 

A direct reading of the soil vapor gas total organic concentration may then be made after the PID 

or FID instrument has pumped sufficiently for the gas sample to reach the detector. 

Reauired Eaubment and ADDaratus 

0 Field analytical instrument capable of detecting total organic vapors such as a flame 

ionization detector (FID) or photoionization detector (PID) 

0 Accessory tubing between instrument and manifold (maximum length 12 inches) 

Collection and Analvsis Procedures 

1. After purging system, attach sampling tube to manifold valve port from instrument 

and open manifold valve 

2. Allow instrument to pump for a sufficient length of time to displace the ambient 

air in the sampling tube and instrument before.taking reading 

53.13 SamDle Collection for Laboratorv Analvsis 

Sampling/analysis of grab samples may also be accomplished by pumping the soil gas from the probe 

and collecting the gas in a Tedlar bag. Alternatively, the soil gas may be pumped through a charcoal 

or Tenax trap. The VOCs in the soil gas are adsorbed onto the charcoal or Tenax. These samples 

must then be analyzed at an on-site laboratory since the holding times for these collection methods 

(401 1-REV-00zS)(GT9REV.l)(09/10/91) 
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Divert soil gas flow through sample chamber. Record flow pressure, elapsed time, 

and volume of flow, if mass flow controller is used. 

53.1.4 SamDle Collection for Field Gas ChromatomDhic Analysis 

An alternative grab sampling technique requires soil gas to be pumped through the soil probe, 

collected with a syringe, and immediately injected into a field gas chromatograph or a gas 

chromatograph located near the sampling site. This method allows for real-time results, and is 

particularly useful. 

Specific analytical method calibration procedures, standards concentrations, detectors, temperature 

programs, etc. are dependent on the method of analysis and analytes of interest. Specific analytical 

methods and procedures will be detailed in applicable project work plans. 

Reauired Equipment and Apparatus 

b Mobile or field gas chromatograph (GC) and associated support equipment 

required to properly operate the GC 

b A power source and an enclosed area for the GC 

b Appropriate calibration gas standards for the GC and all associated equipment 

needed to perform the calibration 

b Sample containers with septum 

(401 1-REV-OOZS)(GT9REV.1)(CO/lO/91) 
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are short (1 to 8 hours). Analytical methods typically include the use of gas chromatography (GC) 

and/or mass spectrometry (MS). 

Specific analytical methods and calibration procedures, standards concentrations, detectors, 

temperature programs, etc. are dependent on the method of analysis and analytes of interest. 

Specific analytical methods and procedures will be detailed in applicable project work plans. 

ReQuired Eauipment and ADDaratus 

0 Gas collection bags such as Tedlar, or carbon sorption or Tenax sample tubes with 

accessory tubing (if required) 

0 Low-flow air sampling pumps, such as Gillian (if required) 

0 Adapter for the soil gas probe with appropriate tubing 

0 Vacuum pump to extract soil gas 
- -  

Collection and Analvsis Procedures 

1. Run vacuum pump to purgesystem and displace the ambient air in the soil gas 

probe, drive pipe(s), and tubing. Attach a Tedlar bag and unclamp the flexible 

tubing, collecting the gas sample in the bag. The bag is then disconnected, sealed, 

and transported to the laboratory for analysis. 

2. To collect sample by adsorption, insert Tenax trap or other sampler into sample 

chamber and attach to manifold after probe and adaptor system have been purged. a 
(401 I-REv~~)(~REv.l)(09/10/91) 
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Collection and Analvsis Procedures c 

1. Collect soil gas sample with a glass syringe by inserting the syringe into the 

extraction line near the top of the soil gas pump, on the intake side of the pump 

(See Figure GT.9-1). 

5 3 2  Passive Sampling 

While other passive techniques may be available, this procedure is directed toward the use of Petrex 

tubes as the representative technique since their utility has been demonstrated in past studies at 

Rocky Flats Plant (RFP). The Petrex passive sampling technique is a direct method for trapping 

and identifying VOCs emanating from either soil (vadose zone) or groundwater contaminated 

locations. The collector consists of highly sensitive sorbents (such as activated charcoal) chemically 

fused to the tip of a wire. The collectors are arrayed, generally in a grid pattern, throughout the 

survey site, normally at a depth of approximately 1 foot (Figure GT.9-2). The collectors reside for 

a measured period which can range up to 30 days to assure time-integrative gas collection (as 

opposed to instantaneous collection with grab samples). The collectors are retrieved following the 

time-integrative collection period, and are then sent to a laboratory for analysis by mass 

spectrometry. 

The most critical aspect of collector placement is to prevent exposing the collector to contaminants 

other than those in the soil gas. Smoking around the collectors, even when sealed, may contaminate 

them. Hands must be kept free of organics, including insect repellent, sunblock, gasoline, motor oil, 

cosmetics, smoke residues, etc. The lip and inside of the tubes, caps, and cap liner must not contact 

any contaminants. The tubes must be stored in a clean area away from contaminants. They must 

not be stored near gasoline cans, oily rags, etc., or in areas where exhaust fumes or cigarette smoke 

is present. 

(401 l-REv00ul)(C;rpREv.l)(09/10/91) 
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532.1 Reauired EauiDment 

e Hand auger, slide hammer, shelby tube, etc. or some other hole maker 

e Petrex tubes 

5322 Installation and Collection Procedures 

1. Clear the surface area to be sampled for shallow utilities, cables, pipes, etc. 

Clearthe area to be sampled of grass, leaves, or debris; be careful not to walk or 

drive over the area. 

T 

2. Using a cleaned/decontaminated tool, make a hole into the ground to the desired 

depth (usually 10-12 inches). If refusal occurs significantly before the sampling 

depth is reached, remove and clean the tool. Clear another sampling point within 

1 foot of the first point and insert the hole maker again. If refusal occurs, 

eliminate the area within 10 square feet as a sampling point. 

3. Dig sample location 10-12 inches deep and approximately 2-4 inches in diameter. 

Do not contaminate the soil. 

4. Unwrap a Petrex sampling- tube and remove the cap and black seal liner. 

Immediately place sampler (vertically with open end down) into sample location 

hole. The sampler tube must be at least 2 inches below ground surface. 

Immediately cover the sampler with soil (see Figure GT.9-2). 

5. If the black Liner has come out of the cap, replace it and return the cap to one of 

the clean plastic bags provided. 

(401 1-REv~~)(G~REv.I)(09/10/91) 
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6. Mark the sample location with flagging or other type of locator. Note the sample 

location on a base map and enter information on Form GT9C, and in a field 

notebook. 

7. Retrieving samples - (should be done at recommended time intervals). 

Remove the soil until tube is exposed. 

Take the cap from sealed plastic bag. Check for black liner inside 

cap. If liner has fallen out, replace it. 

Remove tube from the hole. If wire falls out of tube or if tube is 

broken, use tweezers to handle wires. 

Wipe off the tube and threads thoroughly with a clean, dry cloth. 

If the tube threads and lip are not properly cleaned, the cap will 

not seal and the sample will become contaminated. 

Seal tube with cap making sure the black liner is seated to tube 

lip. If cap does not thread easily, use a different cap. Cap must 

be sealed tightly against liner. . 

Place sticker on cap top and number. Number sequentially 

starting with 1. Use only numbers to identify samples. Use only 

one number per tube. . Underline all numbers for easy 

identification. Do not duplicate cap numbers. The Petrex tube 

distributor, Northeast Research Institute, Inc. (NERI), will 

number all second and third wire tubes appropriately. 
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g) Record number or numbers of sampler corresponding to location 

on base map and field notebook. Also, record in field notes any 

samples which have more than one wire per tube. 

h) Do not place tape, sticker, or glue on glass tube. 

provided will adhere if placed on dry cap. 

Stickers 

8. When packaging exposed tubes, do not use Styrofoam or popcorn packing as this 

can potentially introduce a contaminant. Enclose tubes in two plastic bags and 

wrap each package tightly with bubble wrap. Complete NERI-WEST Submittal 

Forms, provided by NERI, to be shipped with samples. Samples are to be placed 

in sealed containers. Packaging, labeling, and preparation for shipment of field 

logbook and chain-of-custody will follow procedures as specified in SOP F0.13, 

Containerizing, Preserving, Handling and Shipping of Soil and Water Samples. 

6.0 QUALITY ASSURAh'CE/QUALITY CONTROL 

Quality Assurance (QA) and Quality Control (QC) activities will be accomplished according to the 

Quality Assurance Project Plan (QAPjP) and the project specific Quality Assurance Addendum 

( Q W .  

In addition to adhering to the requirements of the site-specific Field Sampling Plan (FSP) and any 

supplementary site-specific procedures, the minimum QA/QC requirements for this sampling activity 

are the following: 

0 QC Samples -- The number and types of QC samples including duplicate samples, 

field blanks, equipment blanks, and trip blanks will be collected or prepared as 

specified in the QAA. 

(401 1-REvaOzS)(C~R~.I)(oJ/1O/91)  
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0 Verification -- Verification activities are required for the above practices, including 

surveillance and periodic record audits. These activities will be documented and 

become part of the completed project records. 

6.1 QA/QC SAMPLES FOR FIELD GC ANALYSIS 

Frequency of calibration, method blanks, replicates, etc. are dependent upon project Data Quality 

Objectives (DQOs), and must be addressed in the project-specific Quality Assurance Addendum 

(Qf4 

7.0 DOCUMENTATION 

For each soil gas location, a permanent record of the implementation of this SOP will be kept by 

documenting field observations and data. Observations and data will be recorded with black 

waterproof ink on the attached forms; the Photoionization Detector Field Data Form (Form 

GT.9A), the Flame Ionization Field Data Form (Form GT9B), the Soil Gas Survey Map (form 

GTgC), and the Soil Gas Survey Form (Form GT9D). Observations may also be documented in 

a bound weatherproof field notebook with consecutively numbered pages. This information should 

include the following: 

0 Sampler's name (form) 

0 Date and time of sample collection (form) 

rn Sampling identification (form) 

Weather conditions (notebook) 

(401 l-REVdOZB)(Gl9REV.l)(0)/10/91) 
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0 Sampling depth (form) 

0 

0 

0 

Driving characteristics of the soil probe (notebook) 

Description of the surface features (drainage, facilities, etc.), soils, any 

contamination noted, and trenches or any other feature that may impact the soil 

gas measurement (notebook) 

Vacuum pressure when extracting a sample (form) 

Type of sample (gas, liquid, or mixed) (form) 

Compounds and concentration of the organics measured on the GC and any 

replicate or blank analysis performed (form) 

AU calibrations performed (form) 

Any unusual responses of the instrument (form) 

Length of time the vacuum was applied to the sample probe before a sample was 

taken (notebook) 

Estimated concentration and recorded retention time of all chromatographic peaks, 

including those that represent unknown compounds (GC chromatographs) 

(401 1-REV40ooZe)(crPREV.l)(03/10/91) 
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VOLATILE ORGANIC ANALYSES SAMPLING AND IN SOIL GAS, 

SOILS, WATER, AND ATMOSPHERE BY MODIFIED EPA 502.2 

HYDRO GEO CHEM, INC. 

INTRODUCTION 

On site analysis of volatile organic compounds VOC's  is increasingly 

importint to environmental assessments. The abil i ty to perform real -time 

chemical analysis during investigations of potentially contaminated soils, 

water, and air allows field decisions to be made regarding the  depth and 

areal extent of the investigation. 

The applications of on-site VOC analysis include soil analysis for 

evaluation of subsurface spills and leaking tanks; atmospheric analysis for 

evaluation of VOC emissions from landfills, contaminated soils, and 

industrial facilities; water analysis for identification and definition of 

the vertical and areal extent of groundwater VOC plumes; and soil gas 

surveys, the sampling and analysis of VOC.'s in the soil atmosphere in order 

to determine the vertical and areal distribution o f  V O C ' s  in site soils. 

Because VOC's- are readily transported in soils by diffusive and 

advective processes, soil gas surveys have proved to be a powerful technique 

to determine whether spills have taken place on the site, to locate these 

spills, and, if subsurface conditions are favorable, to find and delineate 

groundwater VOC plumes by the presence of V O C ' s  in overlying soils. 

Soi l  O s  QA 
1 



The analyt ical  requirements f o r  real  -time mobile-laboratory analysis  are  

d i f f e ren t  than the conventional VOC analyses prescribed by EPA protocols.  

The laboratory product ivi ty ,  t ha t  i s ,  the  number o f  analyses required per 

u n i t  time, must be much grea te r  fo r  the nobi le  f a c i l i t y .  Otherwise, the 

value of using the data  t o  modify the  invest igat ion i s  diminished. 

Despite the need f o r  grea te r  product ivi ty ,  the  o ther  analyt ical  

requiiements fo r  detect ion l i m i t s ,  var ie ty  of  analytes ,  and freedom from 

laboratory contamination a r e  i f  anything, more s t r ingen t  than those of  fixed 

laboratory f a c i l i t i e s .  

Summary o f  Method 

The fol 1 owing sampl i ng and analyt ical  protocol has been adapted by Hydro 

Geo Chem t o  meet these 

In summary, the ana 

s t r ingent  requirements o f . o n - s i t e  VOC ana lys i s .  

y t i c a l  method cons is t s  of t he  recent ly  approved EPA 

502.2 protocol. Table 1 l i s t s  t h e  compounds can be analyzed using EPA 

502.2 protocol. We have modified t h i s  protocol t o  allow g r e a t e r  throughput 

and t o  minimize the  potent ia l  f o r  laboratory contamination. These 

modifications include temperature programming and flow changes t o  reduce 

analyt ical  time, the  use o f  gas r a the r  than water-solution standards,  

purging o f  VOC bo t t l e s  d i r e c t l y  r a t h e r  t h a n  using a conventional water 

purging apparatus ( t h i s  technique has recent ly  been independently developed 

and used in EPA Region 5 RI/FS s tudies ) ,  dynamic s t r ipp ing  r a t h e r  than 

7 



Tab1 e 1 - Compounds Detectable by Hal 1 / P I D  Anal y s i  s 

Benzeri e 
Bromobenzene 
Bromochl ororne t hane 
Bromodichloromethane 
Bromo f orrn 
Bromornethane 
n-Butyl benzene 
sec-Butylbenzene 
tert-Butylbenzene 
Carbon tetrachloride 
Chlorobenzene 
Chl oroethane 
Chl oroforrn 
Chloromethane 
2-Chl orotol uene 
4-Chl orotol uene 
Di bromochl orornethane 
1,2-Dibromo-3-chloropropane 
1,Z-Dibromoethane 
Dibromomethane 
1,Z-Dichl orobenzene 
1,3-Dichlorobenzene 
1,4-Dichlorobenzene 
Dichlorodifluoromethane . 
1,l-Dichloroethane 
1,Z-Dichloroethane 
1,l-Oichloroethene 
ci s -  1 ,2 -Di chl oroet hene 

trans-1 ,Z-Dichloroettiene 
1 , Z - D i  chl oropropane 
1,3-Di chl oropropane 
2,Z-Oichloropropane 
1,l-Dichl oropropene 
Et hy 1 benzene 
Hexachlorobutadiene 
Isopropyl benzene 
p-Isopropyl to1 uene 
Methylene chl oride 
Naphthalene 
n-Propylbenzene 
Styrene 
1 , 1 , 1,Z-Tetrachl oroethane 
1,1,2,2-Tetrachloroethane 
Tetrachloroethene 
To1 uene 
1,2,3-Trichlorobenzene 
1,2,4-Trichl orobenzene 
l,l,l-Trichloroethane 
1,1,2-Trichloroethane 
Trichloroethene 
Trichl orofl uoromethane 
1 , 2,3-Tri chl oropropane 
1,2,4-Trimethylbenzene 
1,3,5-Trimethylbenzene 
Vinyl chloride 
0-Xyl ene 
m-Xyl ene 
p--Xyl ene 



s o l v e n t  e x t r a c t i o n  o f  s o i l s ,  and s p l i t t i n g  o f  the sample i n j e c t i o n  s t ream 

t o  a1 low simultaneous a n a l y s i s  on a s e p a r a t e  gas  chrornatograpli o f  o t h e r  

compounds n o t  analyzed by the 502.2 pro toco l .  

The sampling methods inc luded  i n  t h e  pro tocol  have been designed t o  

a l low accurate, Contaminat ion- f ree  sampling o f  soils, water ,  atmcsphere,  and 

soi l  gas.  These methods o f f e r  a d e t e c t i o n  l imit  o f  0.1 pg/kg ( s o i l ) ,  0.01 

pg/l ( s o i l  gas  o r  w a t e r ) ,  0.001 pg/l (atmosphere) f o r  any compounds l i s t e d  

i n  Table 1. Add i t iona l ,  s imul taneous  a n a l y s i s  i s  provided f o r  t o t a l  

petroleum hydrocarbons,  methane, and t o t a l  c h l o r i n a t e d  hydrocarbons.  The 

fol lowing s e c t i o n s  document t h e  m a t e r i a l s ,  appa ra tus ,  and procedures  used. 

i 
v: 

Sol1 Gas QA 
llydro Gco Urn. I n c .  4 



1. SAMPLING 

1.1 Scope and Application 

This sec t ion  covers the mater ia ls ,  equipment and procedures u t i1  ized by 

Hydro Geo Chem, Inc. f o r  co l lec t ing  s o i l  gas,  atmospheric, s o i l ,  and shallow 

groundwater samples i n  the f i e l d .  

I. 2 Sampl i ng Equi pment 

1.2.1 Sampl i ng Probes 

Sampling probes a re  7 foot  s e c t i o n s  of 1" galvanized pipe o r  1" 

hardened s t e e l  d r i l l  pipe with Acme threads.  The points  a r e  

machined, high carbon s t e e l  and a r e  l e f t  behind when the  pipe i s  

hydraul ica l ly  pulled back t o  expose t h e  formation t o  pumping. 

Figure 1 shows our probe design. The probes a r e  driven t o  t h e  

sampling depth u s i n g  one of two d r i v e  point  r i g s .  Both r igs a r e  

mounted on 1988, Ford F-450 f la t -bed  dua l lys .  One r i g  uses a 

hydraul ica l ly-ac t iva ted  235 l b  hammer with a 3 foot ,  f r e e - f a l l  

displacement. The other  r i g  uses a mounted hydraulic 250 f t / l b ,  

1,000 blow/min dr iver .  Both r i g s  a r e  capable of  dr iv ing  sampling 

pipe t o  a depth i n  excess of  35 f e e t  under normal dr iv ing  

condi t ions.  Each dr ive point r i g  i s  equipped with hydraulic out 

r i g g e r s ,  pipe racks and steam c leaner .  The probes a r e  removed 

using .a hydraul ical ly  ac t iva ted  pul l ing  dog. Latex gloves a r e  

worn during handling and assembling o f  t h e  sampling apparatus.  

1.2.2 Sampling Adaptors 

Soi l  gas  samples a r e  co l lec ted  from the  probes v ia  adaptors 

constructed of s t a i n l e s s  s t e e l  p i p e  caps brazed t o  s t a i n l e s s  s t e e l  

tubing connected t o  an in1 inc s t a i n l e s s  s t e e l  bellows valve.  
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1.2 .3  Sampl e Holders 

When sampling i s  performed, t h i s  valve i s  connected t o  a s t a i n l e s s  

s t e e l  sample holder containing a g l a s s  c a r t r i d g e  (Supelco) f i l l e d  

with a three layer  packing of various types of adsorptive 

hydrophobic carbon (see  Figure 2 ) .  The s o i l  gas i s  passed through 

- these 1 ayers, the f i rs t ,  Carbotrap, absorbing "heavy" vol a t  i 1 es  

such as  dichlorobenzene, the second, Carbopack B ,  the l i g h t e r  

v o l a t i l e s  such as TCE and DCE,  and t h e  t h i r d ,  Carbosieve 111, the  

u l t ra1  ights  such methylene ch lo r ide  or vinyl ch lor ide .  Because 

t h e  most mobile cons t i tuent ,  vinyl ch lor ide ,  has a breakthrough 

volume of  158 l i t e r s ,  these c a r t r i d g e s  a r e  ra ted  t o  absorb a t  

l e a s t  158 l i t e r s  of s o i l  gas o r  atmospheric gas before 

breakthrough o f  any of the  p r i o r i t y  po l lu t an t s  l i s t e d  in EPA 

method 601, 602, o r  624. Table 2 shows some breakthrough volumes 

f o r  the  types o f  carbon sorbents  making up t h e  adsorbtion the  

car t r idge .  T h u s  the  sampling capac i ty  of  t h i s  technique f a r  

exceeds t h a t  of syringe c o l l e c t i o n .  The high capaci ty  i s  

necessary t o  meet typical cl i en t  spec i f i ca t ions .  

1.2 .4  The water sampling t r a i n  i s  constructed e n t i r e l y  o f  s t a i n l e s s  

s t ee l  consis t ing of a 1 foot. length o f  3/4" well screen and seven 

foot  lengths of  1/4 s t a i n l e s s  s t e e l  tubing. 

7 
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Table 2 

Breakthrouqh Volumes ( in  L i t e r s )  f o r  US EPA TO-1 Hydrocarbons 
on the CarbosievclK S-III/Carbopack B / C a r b o t r a p  C Thermal Desorption Tube 

Hydrocarbon 

Vinyl Chloride 
Chloroform 
1,Z-Dichloroethane 
l , l , l ’Trichloroethane 
Carbon t e t r a c h l o r i d e  
I ,  2-Dichl oropropane 
Trichl oroethyl ene 
Bromoform 
Tetrachl orocthyl enc 
Chlorobenzene 
n -Heptane 
1 -Heptene 
Benzene 
Toluene 
E t h y l  benzene 
p-xyl ene 
m-xyl ene 
o-xyl ene 
Cumene 

Carbosieve S-I11 
(125 mg) 

Carbopack B Carbotrap C 
(200 mg> (300 mg) 

158 
1.1 
0.4 
2.7 
4.7 
6.8 
2 . 5  
1.7 
2.2 

316 
262 
284 . 

2.3 
130 

4060 12.9 
11.2 
11.0 
11 .o 
27.8 



1.3 Saniple Collection e 
1.3.1 Soi 1 Gas Sampl ing 

After  purging 3 probe volumes from the system, the  valve on the  

adaptor i s  s h u t  o f f  and the s t a i n l e s s  s t ee l  sample ca r t r idge  

housing i s Swage1 ok-attached t o  a programmable mass f l  ow 

’ con t ro l l e r  equipped w i t h  a vacuum regulated o i l e s s  diaphragm 

vacuum pump. The flow c o n t r o l l e r  i s  t yp ica l ly  programmed t o  pump 

200 ml of so i l  gas a t  a flow r a t e  between 100 and 200 m l / m i n .  

When the t o t a l  flow volume has been obtained, a solenoid valve i s  

automatically closed and the sample co l lec t ion  i s  complete. The 

mass f low meter de l ive r s  sample volumes between 20 and 5000 

standard m l  with less  than 2% e r r o r  independent of temperature and 

vacuum conditions.  

1.3.2 Atmospheric Sampl i ng 

Atmospheric samples a r e  co l l ec t ed  by posit ioning the probe i n  the 

area of i n t e r e s t ,  s e t t i n g  t h e  pumping r a t e ,  and programming the  

mass flow con t ro l l e r .  I f  des i r ed ,  the probe can be moved through 

a sampling volume a t  a spec i f ied  r a t e  t o  c o l l e c t  an in tegra ted  

sample. No purging is  necessary for atmospheric samples. 

Soil G a s  QA 
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1 . 3 . 3  , Soi 1 Sampl i ng 

Soil samples a re  collected a t  specified intervals  using a 1.5 foot 

s p l i t  spoon sampler with multiple brass l i ne r s .  No l iquids  ( i . e . ,  

d r i l l i n g  mud, water, foam) are  permitted during the d r i l l i n g  

procedure i f  so i l  samples f o r  contaminant analyses a r e  

. required. I f  samples a re  t o  be analyzed by the mobile  

laboratory, approximately 20 grams of the sample are removed from 

the brass sleeve using a s t a in l e s s  s tee l  spatula and placed i n  a 

pre-weighed vial  containing a known amount of water. All so i l  

samples t o  be sent out fo r  analysis a re  retained in the original 

brass tubes (2.5 inch diameter, 6 inches l o n g ) .  Immediately 

following removal of  the brass tubes from the sampler, t h e  center  

tube i s  f irst  capped with aluminum f o i l  and p las t ic  s l i p  caps. 

The s l i p  caps are  then duct taped t o  the brass tube t o  maintain 

a proper seal .  Samples are  labeled and placed in a zip lock 

p l a s t i c  bag and stored in a cooler with dry ice. 

I 

1.3 - 4  Water Sampl i ng 

The water sampling t r a i n  is described i n  Section 1.2.4. The well 

screen i s  attached t o  the s t a i n l e s s  tubing and lowered into the  

probe. A s t a in l e s s  s tee l  bo t t l e  i s  connected t o  the t u b i n g  and 

a Tygon l i n e  leading t o  the diaphragm pump i s  attached t o  the  

b o t t l e .  The  transparent Tygon tubing i s  used t o  determine when 

the bot t le  i s  f i l l e d  and any bubbles in the l i n e  have cleared. 

Excess water, which serves t o  purge the sampling t r a i n ,  i s  

Soil Gas QA 
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i n t e r c e p t e d  by a vacuum f l a s k  i n  t h e  Tygon 1 ine .  The va lve  i s  

then s h u t  o f f  and the b o t t l e  i s  d i sconnec ted  from t h e  sampling 

l i n e  and Tygon tubing .  Opening the v a l v e  a l lows  each o f  t h r e e  

weighed 40 nil VOC b o t t l e s  t o  be f i l l e d  t o  overf lowing.  No a i r  

bubbles are allowed t o  pass through t h e  sample as t h e  v i a l s  a r e  

f i l l e d .  These a r e  then immediately capped w i t h  a t e f l o n - l i n e d  

septum cap and s t o r e d  in  an i n v e r t e d  p o s i t i o n  a t  4 O C .  The 

i n v e r t e d  p o s i t i o n  keeps l i q u i d  i n  c o n t a c t  w i th  t h e  septum, thus 

prevent ing  d i f f u s i o n  o f  v o l a t i l e s  th rough t h e  septum/glass s e a l .  

I f  necessary ,  a d d i t i o n a l  40 m l  VOC b o t t l e s  w i l l  be c o l l e c t e d  

l i q u i d  full f o r  o u t s i d e  l a b o r a t o r y  a n a l y s i s . ,  The 40 rnl VOC v i a l s  

a r e  purchased precleaned t o  €PA s p e c i f i c a t i o n s  from ICHEM. 

’ 

An a l t e r n a t i v e  method used t o  c o l l e c t  wa te r  samples involves  

t h e  use o f  3/4” s t a i n l e s s  steel  b a i l e r s .  These a r e  lowered down 

the probe by a nylon cord t h a t  i s  r ep laced  before  each sampling. 

1.4 Decontamination of Equipment  

1.4.1 P r i o r  t o  each use, each s o i l  sampler ,  b r a s s  l i n e r ,  and auger  

f l i g h t  o r  d r i l l  stem i s  steam c leaned  w i t h  a d i l u t e  sodium- 

t r i p h o s p h a t e  s o l u t i o n  and s t o r e d  on r a c k s  above ground. Care is  

taken wi th  t h i s  equipment. t o  e l i m i n a t e  both s o i l - s u r f a c e  and 

c ross -ho le  contaminat ion.  Vinyl o r  l a t e x  s u r g i c a l  g loves  are  worn 

du r ing  handl ing and assembly of  t h e  sampling appara tus .  

Sol1  h s  QA 
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1.4.2 P r o b e s ,  p o i n t s ,  well screens, and t u b i n g  a re  s t eam c l e a n e d  p r i o r  

t o  sampl ing .  Adaptors  and s t a i n l e s s  s teel  b o t t l e s  a r e  h e a t e d  t o  

120°C and h e l d  f o r  1 hour  a t  t h a t  temperat .ure .  Carbon packed 

d e s o r p t i o n  c a r t r i d g e s  a r e  purged a t  400OC w i t h  helium f o r  8 

minutes. Cartridge holders are heated and purged at >200°C f o r  

20 minutes. 

1.4.3 S e p a r a t e  s t o r a g e  a r e a s  are  p r o v i d e d  for  used and c l e a n e d  

equ ipmen t .  No equipment is r e u s e d  w i t h o u t  c l e a n i n g .  



2. ANALYSIS 

2.1 Scope 

This sec t ion  covers t h e  equipment, mater ia l s ,  and procedures used t o  

determine the presence and concentrations of var ious v o l a t i l e  organic 

compounds i n  the  s o i l  gas ,  atmospheric, s o i l ,  and shallow groundwater 

sampl es. 

2.2 Detection Limits 

The typ ica l  limits of detect ion spec i f ied  a r e  f o r  water, s o i l  gas ,  and 

atmospheric samples, respect ively,  0 .01,  0.01, and 0.001 /rg/l. The 

appl icable  concentration range of t h i s  method i s  influenced by sample s i z e  

and instrument l i m i t a t i o n s .  Refer t o  Summary of Method fo r  d e t a i l s .  

2.3 Apparatus and Equipment 

2.3.1 Gas Chromatographs 

Hydro Geo Chem uses one of two m o b i l e  l a b o r a t o r i e s  t o  

provide o n - s i t e  analyses. The f i rs t  mobile labora tory  i s  housed 

i n  a 30 foot motorized step van. The second mobi le  l a b  i s  

contained i n  a 22 f o o t  t r a i l e r .  Varian 3400 and 3700 gas 

chromatographs a r e  provided i n  our mobile l a b o r a t o r i e s  ( a  stand- 

alone vehicle  t h a t  operates separa te ly  from t h e  d r i v e  point  r i g ,  

thereby allowing e f f i c i e n t  operation o f  both).  These 

chromatographs a r e  connected i n  para1 1 e l  t o  an Envi rochem thermal 

desorber (Model 850) which accepts  the g l a s s  sorb t ion  tubes used 

t o  c o l l e c t  the s o i l  gas,  atmospheric, o r  gas purged water samples. 

Figure 3 i s  a schematic o f  the ana ly t ica l  apparatus.  Helium flow 

i s  opposi te  t o  the flow d i r e c t i o n  of sample c o l l e c t i o n .  The 

Soil  k s  QA 
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thermal deso rbe r  r a p i d l y  h e a t s  the sample s o r b t i o n  t u b e  r e l e a s i n g  

the v o l a t i l e  o rgan ic  compounds i n t o  the chromatograph by hea t ing  

the tube  t o  380 t 4 O C  i n  26 t?. seconds.  Compounds a r e  t r a n s f e r r e d  

t o  the a n a l y t i c a l  columns v i a  heated ( 2 5 0 O C )  nicke l  lines. 

The Varian 3400 chromatograph is  equipped w i t h  c ryogen ics  

capable  o f .  coo l ing  t h e  column oven t o  below O°C us ing  carbon 

' d iox ide .  

The c a r r i e r  gas  i s  helium a t  20 ml/minute. This g a s  flow 

i s  s p l i t  between the t r a n s f e r  l i n e s  i n  t h e  d e s o r p t i o n  u n i t  by use 

o f  a flow meter ing va lve  (SGE1230400). The c a r r i e r  gas f low i s  

augmented w i t h  an a d d i t i o n a l  25 ml/minute helium b e f o r e  e n t e r i n g  

t h e  pho to ion iza t ion  d e t e c t o r  ( P I D )  t o  op t imize  response  o f  both 

PID and Hall e l e c t r o l y t i c  c o n d u c t i v i t y  (Ha l l )  d e t e c t o r s .  

2.3.2 GC Columns 

A DB 624 Megabore column, 30m x 0.53mm (J&W S c i e n t i f i c )  i s  

used i n  the  Varian 3400 chromatograph. The  helium f low r a t e  i s  

a d j u s t e d  t o  approximately -7.0 ml/minute a t  the me te r ing  va lve .  

The temperature program varies wi th  the c l ient  needs.  A t y p i c a l  

temperature program i s  a s  fallows: t h e  column t empera tu re  i s  he ld  

a t  2 O C  f o r  3 minutes ,  then  programmed t o  35OC a t  15 ml/rninute, no 

hold time, t o  145'C a t  8 m l / m i n u t e ,  no ho ld ,  t o  23OoC a t  35 

ml /minute .  



The 3700 GC i s  equipped w i t h  an OV 101 on Chromosorb W-HP 

80-100, 18" x 29" packed column (Varian) used f o r  t o t a l  

hydrocarbon analysis .  I t  i s  a l so  equipped with a 1/8" x 18" 

Carbosphere, 60/80 mesh, used t o  analyze f o r  nonsorbabl e gases.  

These columns a re  operated isothermally a t  200OC. 

2.3.3 Detectors 

2.3.3.1 A photoionization de tec to r  ( P I D )  equipped with a 10.2ev lamp 

(Tracor Model 1703) i s  used. 

2.3.3.2 A Hall e l e c t r o l y t i c  conduct ivi ty  detector  (HECD) (Tracor Model 

700A) i s  a l s o  used. Operation conditions a re  as  follows: 

Reaction tube:  Nickel 1/16" OD 

Reactor temperature: 9oooc 

Reactor base temperature: , 25OoC 

..- Electrolyte:  n-propyl alcohol 

Elec t ro ly te  flow ra t e :  0.7 m l / m i n  

Reaction gas : ' hydrogen a t  35ml/min. 

Ca r r i e r -gas  p l u s  make up: ' helium a t  32ml;rnin. 

2.3.3.3 Hydro Geo Chem a l s o  has ava i lab le  i n  the mobile laboratory an 

Electron Capture Detector,  ECD (Vari an). 

2.3.3.4 A Flame Ionization Detector,  FID (Varian), i s  a l so  provided. 
e 
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2 . 3 . 4  Integrators  0 

Three computing in tegra tors  a re  u t i1  ized ,depending on 

analysis  requirements. These include PC-compati ble/Nel son 

Analytical Chromatography software package and two computing 

in t eg ra to r s ,  Spectrophysics 4200, and a Varian 3400 integrator .  

2.3.5' Purge and Trap Apparatus 

An in-house designed and b u i l t  purging apparatus (Figure 4 )  

i s  used in the  ana lys i s  o f  s o i l  and water samples. High puri ty ,  

inert (He o r  N2) gas i s  bubbled th rough  t h e  sample a t  200 ml/min. 

f o r  10 minutes. Purged sample components a r e  trapped i n  a Supelco 

Soil Gas QA 
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thermal desorption tube .  

2.3.6 Standards and Reagents 

2.3.6.1 Standards a r e  prepared from stock mixtures o f  neat reagent grade 

compounds by adding a measured pipetted volume of each compound 

t o  be analyzed t o  the  mixture and determining the weight added 

by difference.  An a l iquot  volume of the f ina l  mixture i s  then 

weighed t o  e s t ab l i sh  dens i ty  (weight/volume). Weighing is  done 

on a 0.1 mg Mettl er bal ance .cal i brated according t o  manufacturers 

guide1 ines with weights t raceable  t o  NOS standards. Cer t i f ied  

mixtures o f  vinyl ch lor ide  in  nitrogen and 'methane i n  n i t rogen  

purchased from Matheson Gas Products, Cucamonga, Cal i fornia  a re  

used t o  s tandardize these compounds. 
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2.3.6.2. VOC-free water  used i n  purging s o i l  samples i s  prepared froni 

d i s t i l l e d  water  degassed by b o i l i n g  >1 hour.  

2.4 S tanda rd iza t ion  and C a l i b r a t i o n  

2.4.1. Cal i b r a t i o n  

Stancldrds f o r  c a  

i n j e c t e d  i n t o  a n i t r o g e n - f i l l e d  l - l i t e r  g l a s s ,  gas  b o t t l e  thr 

a septum s i d e  po r t .  A f t e r  h e a t i n g  the b o t t l e  t o  ach 

v o l a t i l i z a t i o n  and mixing o f  the  s t a n d a r d s ,  nieasured volumes 

i b r a t i o n  a re  prepared as o u t l i n e d  i n  

Sec t ion  2.3.6.1. A measured volume o f  t he  s t anda rd  mixture  i s  

ugh 

eve 

are  

l -  
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e x t r a c t e d  with a gas  sy r inge  and i n j e c t e d  i n t o  a 200 ml/min helium 

gas  s t ream leading  t o  a carbon packed s o r b t i o n  Car t r idge .  A f t e r  

2 minutes, t h i s  c a r t r i d g e  i s  i n s e r t e d  i n t o  the thermal d e s o r b e r  

and analyzed e x a c t l y  a s  the samples.  

The amount o f  the s t anda rd  s t o c k  s o l u t i o n  i n j e c t e d  i n t o  the 

gas  b o t t l e  and the type of  g a s  i n j e c t i o n  used a r e  dependent  upon 

t h e  r equ i r ed  mass o f  ana ly te .  A set  of c a l i b r a t i o n  s t a n d a r d s  

con ta in ing  t h e  method a n a l y t e s  and i n t e r n a j  s t anda rd  i n  t h e  range 

o f  0.05 pg/l t o  500 pg/l based on a 200 m l  s o i l  gas  sample are 

analyzed a s  o u t l i n e d  i n  Sec t ion  7 o f  the QAPP. 

Area response versus  the c o n c e n t r a t i o n  i n j e c t e d  o f  each 

a n a l y t e  and the i n t e r n a l  s t anda rd  are  tabu1 a t ed .  Response f a c t o r s  

(RF) f o r  each ana ly t e  i s  c a l c u l a t e d .  



Spectra Physics ca lcu la t ion  o f  RF i s :  

-. . 

where A, = area of  a n a l y t c  t o  be measured 

Ais = area of  in te rna l  standard 

C,, = concentration o f  in te rna l  s tandards,  pg/l 

C, = concentration o f  analy te ,  pg/l 

Vari an 3400 cal  cul a t  i on o f  RF 

R F  = Cs(AiS) /As (C , , )  x 10,000 

A ca l ib ra t ion  curve i s  prepared for each analyte.  I f  t he  

RF i s  constant (SO l e s s  than 215%) over t h e  working range, the  

average RF i s  used. 

New cal  i brat ion curves. , a r e  generated as  needed o r  every 

three months.  

2.4.2. Standardization 

Analysis o f  a standard i s  performed a t  the beginning o f  each 

day. Daily standards a r e  prepared i n  the-same manner as the  

ca l ib ra t ion  standards (Section 2.3.6.1). 

S o i l  G s  QA 
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The amount o f  injected standards shal l  be i n  the range of 

0 .1  t o  1 pg which corresponds t o  s o i l  gas analysis  of  200 rnl 

samples t o  0 .5  t o  10 pg/l ,  f o r  atmospheric samples of 2000 m l ,  t o  

0 .05 t o  1 pg/ l ,  and for water, t o  5 t o  100 pcj/l. These s t a n d a r d s  

be analyzed a t  l e a s t  t h ree  times, I f  the  area of any 

e var ies  from the response determined by the  ca l ibra t ion  

o r  the average RF by g r e a t e r  than +20%, the  system i s  

brated. A standard having s imi l a r  de t ec to r  response t o  tha t  

observed during analysis of f i e l d  samples i s  r u n  a f t e r  every tenth 

sample. When water i s  t o  be analyzed, two water standards 

containing a concentration in the  range of  20 pg/l a r e  prepared 

by in jec t ion  of a stock standard i n t o  VOC v i a l s  half  f i l l e d  with 

VOC-free water. 

2.5 Quality Control 

2.5.1 System Blank 

2.5.1.1 Soil Gas 

A random selected sampl ing ca r t r idge  i s  analyzed d a i l y  t o  

demonstrate t ha t  interferences from ca r t r idges  o r  the ana ly t ica l  

system a r e  under control .  I f  in te r fe rence  i s  found a t  

unacceptable l eve l s ,  an unpacked ca r t r idge  i s  analyzed t o  

determine i f  the interference i s  due t o  the ca r t r idge  o r  t o  the 
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analytical  system. Appropriate measures are  taken t o  e l  iminate 

such interferences.  

2.5.1.2. Water 

A t  the beginning of each day, the chemist f i l l s  a sampling 

container with reagent water and proceeds t o  handle i t  as an 

actual sample i s  handled in order t o  demonstrate t ha t  the system 

and water are  interference-free.  I f  VOC's are  detected,  

appropriate measures will be taken t o  correct the problem. 

' 

2.5.1.3. Soil 

System blanks are unable t o  be performed on so i l  because 

interference-free soil  i s  n o t  avai lable  and the procedure i s  n o t  

feas i bl  e. 
I 

I 
I 

- .  2.5.2 Field Blanks 

2.5.2.1 Soil Gas 

Prior  t o  each day's so i l  gas o r  atmospheric sampling, f i e l d  

blanks o f  the  e n t i r e  sampling apparatus a re  taken and analyzed t o  

check background contamination in the sampling system and 

car t r idges.  Sampling car t r idges a r e  attached t o  both  the i n l e t  

and ou t l e t  end of a sampling probe. The sample collected in the 

discharge end car t r idge is  representative of sampling t r a i n  

? 3  



contamination only while the  intake ca r t r idge  provides a measure 

o f  t he  atmospheric concentrations.  Additional f i e l d  blanks a re  

co l lec ted  p r io r  t o  any reuse of recleaned sampling equipment. 

2.5.2.2. Water 

A sampling container wi l l  be f i l l e d  w i t h  in te r fe rence- f ree  

water i n  t he  f i e ld  in t h e  same manner as water samples a re  

co l lec ted .  This sample, now designated a s  a f i e l d  blank, i s  

returned t o  the  laboratory for analysis .  I f  VOC's  a r e  detected,  

sample co l lec t ion  procedure w i l l  be reviewed. I f  necessary, 

sampling equipment wil l  be thoroughly decontaminated. 

2 . 5 . 2 . 3 .  Soil  

Collection o f  f i e l d  blank so i l  samples i s  n o t  f ea s ib l e  due 

t o  the nature o f  the m a t r i x  and because in te r fe rence- f ree  s o i l  i s  

n o t  ava i lab le .  

2.5.3 Duplicate Samples 

Duplicate so i l  gas ,  atmospheric, o r  shallow groundwater 

samples are collected from each s a m p l i n g  loca t ion .  Duplicate 

analyses a re  performed on a t  l e a s t  IO% of the  samples  co l lec ted ,  

o r  i f  t he  i n i t i a l  analysis  is  outs ide QA spec i f i ca t ions .  

Duplicate analyses a re  not performed on so i l  samples because i t  

would  require  homogenization of the sample, tend t o  re lease  



vo la t i l e s  from the sample, and therefore, l imi t  the accuracy o f  

the r e su l t s .  

2.5.4 Trip Blanks 

2.5.4.1. Soil Gas 

An unused sample car t r idge  i s  transported into the f i e ld  with 

the sampling equipment. The t r i p  blank car t r idge i s  handled in 

the same manner as a sample, b u t  a sample i s  riot collected through 

t h i s  car t r idge.  The t r i p  b l a n k  i s  returned to  the l a b  w i t h  the 

other  samples and analyzed. I f  VOC's are  detected, sample 

handling and t r a n s p o r t  procedures are subsequently reviewed. I f  

no VOC's are  detected,  t h i s  car t r idge i s  a lso used as a system 

blank. 

2.5.4,. 2 Water 

A sampling container i s  f i l l e d  with water determined t o  be 

interference-free and taken in to  the f i e l d .  The t r i p  blank 

container i s  handled in the  same manner as other water samples b u t  

i s  not used t o  co l l ec t  an actual sample. The t r i p  blank i s  then 

returned t o  the 1aboratory.for analysis with the other samples. 

If VOC's are  detected,  sample handling and transport  procedures 

a re  reviewed and sampling equipment i s  decontaminated as 

necessary. 



I. 2.5.4.3. Soil  

Trip blanks f o r  s o i l  sampling a r e  n o t  used because 

uncontaminated s o i l s  w i t h o u t  background 1 eve1 s of organics a re  n o t  

ava i lab le  and t h e  t r i p  blank procedures a r e  n o t  feas ib le .  

2.5.5. Matrix Spike Dupl i c a t e  

2.5.5.1. Soi-1 Gas 

The standard c a l i b r a t i o n  procedure f o r  s o i l  gas ana lys i s ,  the 

matrix being the ac t iva ted  carbon i n  t h e  sample c o l l e c t i o n  

c a r t r i d g e s  only, accounts f o r  matrix s p i k e  dupl icates .  

2.5.5.2. Water 

Once per day a dupl ica te  f i e l d  sample i s  w i t h  a c a l i b r a t i o n  

standard o f  known concentration. This spiked sample i s  then 

processed and analyzed i n  the same manner a s  a l l  samples. The 

d i f fe rence  between t h e  reported concentration per compound and t h e  

. .  

concentration o f  t h e  s p i k e  a r e  then compared t o  the  previous 

ana lys i s  o f  t h e  unspiked sample dupl icate .  

f 
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2.5.5.3. Soi l  

Because a s p i k e  canno t  be e f f e c t i v e l y  and uniformly 

d i s t r i b u t e d  throughout a s o i l  sample,  m a t r i x  s p i k e  dupl i c a t c s  a r c  

u n r e l i a b l e  i n d i c a t o r s  and t h e r e f o r e  n o t  c o l l e c t e d .  

2.5.6 Chromatographic Information 

On  t he  f i r s t  page o f  each  day ' s  chromatograms, the fol lowing 

system parameters a r e  noted:  

A)  

8) 

Gas flows f o r  H,, N,, and a i r  

Tank pressures  f o r  H,, N,, and a i r  

C) Temperatures 
1. I n j e c t o r  
2. Columns. 
3. Detector 
4 .  Thermal deso rbe r  oven 
5 .  Thermal deso rbe r  t r a n s f e r  l i n e s  
6 .  Thermal deso rbe r  d e s o r p t i o n  t empera tu re  and d u r a t i o n  

D) In t eg ra to r  parameters  

1. Attenuat ion 
2 .  Peak markers 
3. Baseline o f f s e t  

E) Column(s) 

1. Type 
2. Length and d i a m e t e r  
3 .  Packing ma te r i a l  
4 .  Temperature 

F) Operator 

G )  Oate 

I f  any system parameters  change,  t h e  chromatograms s h a l l  be 

I stamped and changes noted .  

37 
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2.5.7 In t e rna l  Qual i ty  Control 

A11 chromatograms a r c  reviewed i n t e r n a l l y  by a chemist  othei -  

t han  t h e  chemist performing the a n a l y s i s .  

2.5.8 Outs ide  Qual i ty  Control Audits 

Samples a r e  sent t o  independent 1 a b o r a t o r i e s  f o r  a n a l y s i s  

p e r i o d i c a l l y  a s  a q u a l i t y  a s su rance  check. . 

2.5.9 Sample Chain of  Custody 

A l l  samples a r e  l abe led  w i t h  t h e  fo l lowing  informat ion:  

1 )  Sample i d e n t i f i c a t i o n  number 

2 )  

3) Name o f  sampler 

Date and t ime o f  sample c o l l e c t i o n  

In add i t ion  t o  l a b e l i n g  the samples ,  a f i e l d  da ta /cha in  o f  custody 

form is  completed i n  d u p l i c a t e  f o r  each sample (F igu re  5 ) .  A t  the 

time of  sample c o l l e c t i o n ,  the  f i e l d  sampler  s i g n s  the custody 

form and records  the d a t e ,  .time and o t h e r  p e r t i n e n t  in format ion .  

The sample i s  then  t r a n s f e r r e d  t o  the l a b o r a t o r y ,  where t h e  

ind iv idua l  r ece iv ing  t h e  sample f o r  analysis  s i g n s  the  o r i g i n a l  

custody form and records  t h e  d a t e  and time. Th i s  Soi l  Gas Fie ld  

. 
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I1YDRO G E O  C f 1 E M ,  IIiC - SAIIPLE I l ~ f ~ ~ l l f l A l ~ I O t ~  ANU I ~ I ~ A I ~ S I ~ E I l  FOlll.1 
- -  Orig ina l  t o  I-lobile Cab - -  Copy Kept ir i  F i e l d  f4otebook 

Locat ion #: Sample #:  D a t a  Oasc F i l e :  

Locat ion Desc r ip t ion :  

Sampl er  ( S i g n a t u r e )  : S o i  1 ?-Water?-Soi 1 Gas?-Atmospheri c?- 

k'eather  : Barometr ic  Pressure :  

Wind Direct ion/Spced:  

S u r f a c e  Condi t ions :  S o i l  Temp ( O F )  : 

Time/Oate: C a r t r i d g e  ( s )  # : 

0 

A i r  Temp ( O F )  : 

Probe Depth: Probe 8 :  Probe Vol ume : 

Adapter  #: Cy1 inder  //: Vacuum Gage Reading: 

Sample S i z e :  

Purge Flow Rate  & Durat ion:  

Pump F low Rate & Durat ion:  

Notes:  

*Lab Rece ip t :  (S igna tu re ) :  Time/Date: 

Compound Analyzed 

DCM 

Ch1 or o fo r  rn 

CClL 

... - 
vc1 
1.1 DCE 

t r a n s - 1 . 2  DCE 

cis-1.2 DCE 

TCE 
PCE 
1,l D C A  

1.2 DCA 
1,l . l  TCA 

Benzene  

To1 u e n e  

E t h y l b e n z e n e  

Xylenes 

t iezsured Concentrat ion (pg/l) 
1 st 2nd 

Chromatogram rY 



Data Sheet ( C h a i n  o f  Custody Form) i s  then f i l e d  i n  a notebook 

w i t h  the  hard copy o f  the  ana ly t ica l  r e s u l t s  and eventual ly  

becomes p a r t  of t h e  the f i n a l  evidence f i l e .  The copy i s  retained 

i n  the f i e l d  notebook. 

2.6 Procedures 

2.6.1 ’ Typical chromatographic equations a r e  summarized i n  Section 2.7. 

2.6.2 The system i s  ca l ibra ted  d a i l y  as described i n  Section 2.4.1. 

2.6.3 Water Samples 

Approximately half  o f  the  water sample i s  disposed o f  and 

the  v i a l  resealed.  This sample i s  weighed t o  determine volume and 

purged with 200 ml/min N, f o r  10 minutes. T h e  purged v o l a t i l e  

compounds a r e  trapped on a carbon packed desorpt ion c a r t r i d g e .  

2.6.4 Soil  Samples 

. S o i l  samples co l lec ted  f o r  in-house a n a l y s i s  a r e  placed i n  

a water bath (90OC) a f t e r  being well a g i t a t e d .  These samples a r e  

purged i n  the same manner- as  water samples. The samples are 

weighed before p u r g i n g  t o  determine sample mass. 

2.6.5 Gas Samples 

S o i l  Gas QA 
r- Cl- l n c .  . 30 c 



The thermal desorption tubes on which the  samples a r e  

co l lec ted  a r e  placed i n  the  thermal desorber and heated t o  380 

2 4 O C  w i t h  a helium flow of  20 ml/rnin. a t  the same time t h a t  t he  

GC temperature program i s  i n i t i a t e d  and data  acqu i s i t i on  s t a r t e d .  

The trapped mater ia ls  a r e  desorbed and car r ied  through the heated 

t r a n s f e r  l ines  t o  the GC columns where separat ion occurs (Figure 

3) 

2.7 Calculations 

2.7.1 

2.7.2 

Each ana ly te  in the  sample chromatogram i s  i den t i f i ed  by 

comparing t h e  retent ion time o f  the  suspect peak t o  re ten t ion  

times generated by the ca l ib ra t ion  standards on the appropriate  

de tec tor .  When applicable,  the r e l a t i v e  response o f  t h e  a1 t e r n a t e  

de t ec to r  t o  the  analyte i s  determined. 

should agree t o  within 20% of the  r e l a t i v e  response determined 

The r e l a t i v e  response 

from t h e  standards.  

Quant i ta t ion i s  usua l y  performed on the de tec to r  which 

exh ib i t s  t h e  g rea t e r  response i f  both de t ec to r s  respond t o  an 

analyte .  I n  cases where g rea t e r  s p e c i f i c i t y  o r  prec is ion  would 

r e s u l t ,  the analyst  uses his/her professional judgement i n  

determining the  a l t e rna te  de tec tor .  

2.7.3 The  concentration of  t he  unknowns i s  determined by using the  

c a l i b r a t i o n  curve o r  by comparing the  peak height o r  a rea  o f  t he  

unknowns  t o  the  peak height o r  area o f  the standards a s  follows: 

31 



C, = AJJAi, x C,, /RF 

where C, = concentration of the analytc i n  sample i n  pg/l 

Cis = concentration of the internal standard i n  pg/l  

A, 

Ai, = peak area o f  the internal s t a n d a r d  

RF = r e l a t ive  response factor  

= peak area o f  the analyte 

2.7.4 The r e su l t s  f o r  the unknown samples are reported in pg/ l .  

The resu l t s  are  rounded o f f  t o  the nearest 0.01 p g / l  o r  2 

signi f i cant figures . 

32 
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- TO GAS COLLECTION SYSTEM 

STA1 N L E S S  STEEL ADAPTER 6 (SEALED w r i - ~  TEFLON TAPE) 
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2.0 PURPOSE AND SCOPE 

This standard operating procedure (SOP) describes procedures that will be used at the Rocky Flats 

Plant (RFP) for clearing drill sites and intrusive work sites within Individual Hazardous Substance 

Sites (IHSSs). Geophysical clearing will be implemented to ensure that selected locations are frce 

of buried metal objects to a depth of 18 feet and metal utility lines. This SOP describes 

geophysical, administrative clearance techniques, and geophysical data reduction and analyses that 

will be used for field data collection and documentation. 

The geophysical techniques that are employed involve electromagnetic (EM) techniques, a magnetic 

locator, and ground penetrating radar (GPR). EM and magnetic surveys can be used for identifying 

areas where subsurface metal objects might be located. The techniques indicate contrasts in 

conditions due to variations in the electrical conductivity or magnetic properties of subsurface 

materials. GPR is useful for detection of shallow variations in the subsurface dielectric constant. 

A magnetic locator can be used when the clearing depth-of-interest is 18 inches or less. EM 

techniques and a magnetic locator will both be used when the clearing depth-of-interest is deeper 

than 18 inches. Generally, GPR is applicable to depths of 0-6 feet at the RFP site. 

3.0 RESPONSIBILITIES AND QUALIFICATIONS 

Oversight and supervision of the geophysical surveys will be conducted by EG&G personnel. Project 

staff performing these surveys will be trained geophysicists or trained personnel with a significant 

amount of geophysical field experience. The subcontractor’s project manager will document 

personnel qualifications related to this procedure in the subcontractor’s project QA files, 

The subcontractor’s project manager is responsible for obtaining administrative borehole clearance. 
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4.0 REFERENCES 

4.1 SOURCE REFERENCES 

The following is a list of references reviewed prior to the writing of this procedure: 

A Comnendium of Superfund Field ODerations Methods. EPA/540/P-87/001. December 1987. 

Guidance for Conductine Remedial Investigations and Feasibilitv Studies Under CERCLA. Interim 

Final. October 1988. 

RCRA Facility Investigation - Guidance. EPA. Interim Final. May 1989. 

4 2  INTERNAL REFERENCES 

A related SOP cross-referenced by this SOP is: 

0 SOP GT.18, Surface Geophysical Surveys 

5.0 GEOPHYSICAL, EQUIPMENT AND PROCEDURES 

5.1 INTRODUCTION 

Borehole clearing, using geophysical methods, will be employed within an IHSS where buried 

trenches are known to exist or where buried metal may be present. Surface geophysical survcys 

have been conducted at the RFP. Research of these previous geophysical surveys should be 

exhausted prior to conducting the following procedures. 

(401 l-REV)(GllOREV.l)(oS/O/91) 
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Instruments used for geophysical clearing will be recalibrated and recertified, if required. The date 

of the manufacturer’s last calibration and certification will be documented on the Borehole Clearing 

Analysis Form (Form GT.1OA). 

Each instrument will have a field calibration check prior to and after field use. Personnel 

performing the field calibration check should refer to the manufacturer’s instructions. An example 

of a field calibration check would be to use the instrument over a known buried object. If the 

instrument does not respond appropriately, the instrument should be returned to the manufacturer 

for recalibration and recertification. 

Geophysical methods have limitations which must be considered when implementing a geophysical 

survey. In some instances, the limitations may be sufficient to make the geophysical results 

ambiguous or non-conclusive. Therefore, it is imperative that an experienced geophysical operator 

conduct the clearing of boreholes. 

Electromagnetics, magnetics, and GPR are influenced by surface cultural features, such as fences, 

power lines, and metallic debris. These cultural effects can be mitigated by the use of a directional 

magnetic locator, which responds to a magnetic gradient. However, if borehole clearing is being 

performed within 40 to 50 feet of a cultural feature, reliable geophysical clearing may be difficult 

to achieve. In cases where a site cannot be definitively cleared, the location should be moved to 

the nearest clearable location. 

5 2  ELECTROMAGNETICS 

An EM survey can be used to detect ferrous and nonferrous metals as well as areas of high 

inorganic contamination. This method involves the induction of electrical current into the ground. 

A small alternating current passing through a transmitter coil produces a primary magnetic field. 

Through inductive coupling, the primary magnetic field produces small eddy currents in the 
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subsurface which, in turn, create their own secondary magnetic field. The receiver coil senses both 

the primary and secondary fields. This results in an output voltage that is linearly related to the 

terrain conductivity. The instrument then converts the voltage to a ground conductivity value which 

can be recorded by a strip recorder or digital logger. Electrical conductivity is a function of the soil 

or rock composition, the porosity and permeability of the rock units, and,the conductivity of the 

fluids filling the pore spaces. The conductivity values are subsequently plotted on  a map so that 

their variation over the site can be analyzed. 

A Geonics EM-31, EM-38, or equivalent ground conductivity meter will be used for the EM 

surveys. Through the use of the horizontal dipole mode (HDM), the EM-31 has a depth 

penetration to 9 feet. When deeper penetration is required, the vertical dipole mode (VDM) will 

be used in addition to the HDM. This scenario will provide high resolution detection of objects to 

9 feet and will allow detection of larger metal objects to 18 feet. The size of a metal object that 

can be detected is proportional to the depth of burial. For shallow investigation (less than 9 feet), 

the HDM provides the greatest resolution and can normally detect objects as small as a 1-foot 

length of rebar. By monitoring the in-phase component of the induced magnetic field, small 

amounts of subsurface metal can be detected. For high-resolution of depths less than 5 feet, the 

EM-38 can be used. Table GT.10-1 summarizes instrument modes and applications. 

Table GT.lO-1 
EM INSTRUMENT MODE APPLICATION 

Approximate Size of 
Instrument Mode Depth of Penetration Cft) Detected Obiect 

EM-31 

EM-38 

HDM 
VDM 

HDM 
VDM 

9 
18 

2.5 
5 

1-foot piece of rebar 
Steel drum 

(401 l-REV)(GTlOREV.I)(09/04/91) 
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52.1 List of Necessary Equipment 

The following is a list of equipment that will be necessary to complete the EM survey: 

0 

0 

5.2.2 Field Procedure 

A Geonics EM-31, EM-38, or equivalent terrain conductivity meter 

Digital logger and/or analog strip recorder (when data collection is over large grid 

area) 

Appropriate health and safety equipment 

Wood stakes or lath 

Flagging 

Field notebook 

Pens with nonwater-soluble ink 

Form GT.lOA, Borehole Clearing Analysis (see Section 7.0, Documentation). 

A standard field procedure for conducting an EM survey is initiated by a reconnaissance survey of 

each drill site. The survey will involve a review of existing magnetic data at the site, a review of the 

site utility plans, an acknowledgement from the telephone and utility site locators that the site is 

clear of these utilities, and a field check for overhead wires, pipes, or other objects that may restrict 

drilling operations. Note surface conditions of site on Form GT.1OA (see Section 7.0, 

Documentation) including excessive and/or large metal objects on the ground surface and large 

variations in topography. Following the instrument manufacturer’s instructions, initiate site survey 

traverse on an approximate 1-foot grid, clearing a minimum of 6 feet around the drilling location 

stake. When anomalous values indicative of buried metal are observed, record the anomaly on 

Form GT.1OA. If an anomaly is not present, document results on Form GT.1OA. 

I (401 l-REV)(CZlORFX.l)(09/~/91) 
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Drilling locations with anomalous values will require moving the location to the nearest “clear” area. 

By using the above procedures, determine an area within 50 feet of the original drilling location that 

is free of anomalies. Mark the new drilling location with a wood stake and document new location 

on Form GT.1OA. Notify the project site manager of the new location. 

For larger areas or for locating buried trenches or pits, follow a surveyed grid pattern when 

traversing with the EM instrument. If the grid is not surveyed prior to the EM traverse, place a 

wood stake marker at the end of each traverse and document the marker location on  the field data 

record (Form GT.1OA). All EM traverses should be documented on a field map during the survey. 

For larger areas, a portable computer may be required to quickly analyze the data and facilitate the 

location of additional survey lines. 

53 MAGNETIC LOCATOR 

A magnetic locator detects magnetic fields associated with certain objects. The depth of 

investigation depends on the size of the object. The Schonstedt magnetic locator, for example, can 

detect well casings up to 15 feet deep; however, a 1 1/4-inch nail can be detected only to a depth 

of 8 inches. 

A magnetic locator responds to the)magnetic gradient between two magnetic field sensors (A and 

B). If no anomalies exist, the magnetic field between sensors A and B is balanced, and a 40 Hz 

frequency signal is heard on the magnetic locator’s audio output. This frequency output (40 Hz) 

is the ambient magnetic field of the earth. However, when the magnetic field becomes stronger at 

sensor A (located at the bottom of the locator) than at sensor B, the output signal increases in 

frequency. When the tip of the locator is directly over the ferrous object, the audio signal increases 

to its highest frequency. 
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53.1 

532 

5.4 

List of Necessary Equipment 

The following is a list of equipment that will be necessary to complete the geophysical survey: 

0 Schonstedt Model GA-52B magnetic locator or equivalent 

0 Appropriate health and safety equipment , 

0 Wood stakes or lath 

0 Flagging 

0 Field notebook 

0 Pens . 

0 Form GT.lOA, Borehole Clearing Analysis (see Section 7.0, Documentation) 

Field Procedure 

The field procedures for a magnetic survey are the same as the procedures described for the EM 

survey (Subsection 5.2.2). 

GROUND PENETRATING RADAR 

Ground penetrating radar (GPR) has been used for mapping shallow geologic interfaces, delineating 

shallow bedrock, locating voids in concrete or limestone, . and finding buried pipeline or 

reinforcement bars. 

GPR involves a system that transmits electromagnetic pulses into the ground from an antenna near 

the surface. These pulses are reflected from a variety of subsurface interfaces back to a receiver. 

As the antenna is towed along a survey line, the GPR signals are processed and displayed on a 

graphic recorder. The displayed data is a two-dimensional continuous profile along the surveyed 

(401 l-REV)(GT1OREV.I)(0)/01/91) 
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line depicting time versus distance. The display is very similar to a geologic section, except that the 

record is a time section rather than a depth section. 

GPR has excellent resolution of subsurface features when favorable conditions exist. However, 

actual depth penetration is highly site-specific and depends on the near-surface soil conductivity. 

Highly conductive soils, such as clays, can reduce penetration to less than three feet. Less 

conductive materials, such as limestone, will allow depth penetration of 30 - 50 feet. 

5.4.1 List of Necessary Equipment 

a The following is a list of equipment that will be necessary to complete a GPR survey: 

8 GSSI SIR System-3 or equivalent radar system 

0 Flagging 

8 Lath or wooden stakes 

Field notebook 

0 Pens with nonwater-soluble ink 

0 Measuring tape (200 feet minimum) (note: a measuring wheel can be substituted 

for relatively smooth surfaces) 

0 Extra paper for profile recorder 

8 Extra stylus(s) for profile recorder 
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0 Form GT.lOA, Borehole Clearing Analysis (See Section 7.0, Documentation) 

5.42 Field Procedure 

A standard field procedure for collecting GPR data is described below. 

collection, two preliminary procedures must be conducted. These are: 

Prior to GPR data 

0 Design appropriate field parameters, given the purpose of the survey (orientation 

of lines or grid, grid spacing, frequency or antenna, antenna shielding, etc.) 

0 Locate endpoints along each line in addition to any other points of interest, and 

denote these locations in the field with lath or other wood stakes. 

Design of appropriate field parameters must consider the following: 

0 The antenna and associated transmitter frequency used must optimize the 

penetration depth and required resolution given the survey purpose. Typical 

frequencies are 80 Mhz, 100 Mhz, 120 Mhz, 300 Mhz, 500 Mhz, and 1000 Mhz. 

Higher frequency antennas allow greater subsurface resolution, but penetration is 

reduced over that of lower frequencies. Surveys should be designed to have a 

minimum of two antenna frequencies available, to optimize results. For most 

clearing applications, a 300 Mhz or 120 Mhz antenna will be appropriate. 

0 For grid areas, intraline spacing affects resolution; a spacing of 2 to 20 feet is 

commonly used for clearing applications. Actual spacing chosen must consider 

overall project objectives. 
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Method of antenna towing must be evaluated given the site conditions. For 

smooth surfaces or terrain, the antenna can be towed directly on the surface. For 

areas with significant vegetation or surface stones and rocks, the antenna may need 

to be suspended 6-18 inches above the ground or carried in a plastic non- 

conductive wagon, to prevent antenna damage and potentially dubious GPR data 

collection. 

0 Antenna shielding should be considered and appropriate shielding provided given 

the site conditions. Surface features such as fences, power lines, etc. can cause 

interfering reflections on the radar record. 

A standard field procedure for conducting a GPR survey is described below. 

1. Perform a visual survey along the proposed lines. The visual survey will include 

a review of site utility plans; check for overhead wires; check for manhole covers, 

buried cables, buried gas line indicators, or cased monitoring wells; and have site 

locators confirm the presence of any possible telephone and utility features. Note 

features in field notebook. 

2. Note excessive amounts of large pieces of metal on the ground surface in field 

notebook. 

3. Note large nearby variations in topography or building (within 50 feet) in 

notebook. 

4. Note moisture content of surveyed media, in addition to relative clay content, as 

these will effect penetration depths. 

I (Sol I-REV)(CillOREV.1)(0)/04/91) 
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5. 

6. 

7. 

8. 

Conduct a test line using manufacturer’s procedures. Instrument settings must be 

optimized to obtain appropriate data given project goals. Specific recording 

parameters that must be optimized include, but are not limited to, the following: 

0 radar scan speed 

0 signal range gain 

0 time range for recording 

0 transmitter pulse rate 

0 recording printer speed 

0 antenna towing speed 

high and low pass filter settings 

Instrument settings should be varied during the test line to determine the optimum 

recording parameters. When possible, the test line should be conducted over a 

known buried feature in the survey area to help instrument setting optimization, 

and help calibrate penetration depths. 

Initiate site survey traverse: Beginning at GPR line endpoint, tow antenna along 

line with appropriate speed determined from test line, and using optimum 

instrument settings determined from test line. Continue above procedure for 

entire line and subsequent grid lines. 

If hard copies of each line of data from printer are made, label all notations on 

the record to correspond to notes made in the field notebook, including recording 

parameters. 

Permanent copies of this GPR data must be retained digitally on tape or disk, or 

on hard copy plots. 

(401 I-REV)(GlYOREV.l)(09/04/91) 
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5.5 DATA ANALYSIS 

When the anticipated hazards are isolated pieces of metal, borehole locations will be cleared to a 

minimum of 6 feet around the drilling location stake. In these cases, data will not be retained for 

later analysis, but the results will be documented on Form GT.1OA. If an anomalous area within 

6 feet of the borehole location stake is identified, the borehole location will be changed to an 

anomaly-free area within 50 feet of the original borehole location to minimize the possibility of 

contact with any anomalous material below the surface. 

When the hazard is buried trenches or pits, larger areas will have to be geophysically surveyed to 

clear borehole locations. In these cases, electromagnetic data will be collected with a digital data 

logger. The data will be transferred to a personal computer for analysis. Adjustments to the boring 

location (if required) will be made after the data are analyzed and interpreted. 

In both of the above cases, Form GT.1OA will be used to document the procedures and reasoning 

for the relocation or approval of a borehole location. 

At all times, geophysical data will be collected and interpreted in a conservative and prudent 

manner. Additionally, appropriate levels of caution will be exercised by all field crews involved in 

intrusive activities, even on geophysically "cleared" boring locations. 

6.0 ADMINISTRATIVE BOREHOLE CLEARANCE 

Administrative borehole clearance will be required for drilling operations at the RFP and will 

consist of obtaining work and excavation permits. Copies of these forms are included in Section 

7.0, Documentation. 

I (401 l-REV)(CTlOREV.l)(OJ/O4/91) 
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6.1 RADIOLOGICAL/HEALTH & SAFETY WORK PERMIT 

Work permits will be required for drilling operations in all restricted access areas, which include 

IHSSs. These permits will be issued by the EG&G construction manager and will be valid for one 

week of drilling operations (see Section 7.0, Documentation). If field operations extend beyond a 

week’s time, a request for an additional work permit will be submitted to the construction manager. 

This request will include details of the drilling operations planned for the following week. 

Daily work permits will be required for all drilling operations within the perimeter security zone 

(PSZ). 

The permitting process will consist of the construction manager reviewing the field operations plan 

(FOP), EG&G personnel clearing underground utilities, and. screening for low energy radiation. 

The work permit will be kept at the drill site during the drilling operation. 

Instructions and requirements for the use of a Radiological/Health & Safety Work Permit (see 

Section 7.0, Documentation) are contained in H&S 6.05 Radiological/H&S Work Permit available 

through EG&G. 

62 EXCAVATION PERMIT 

Excavation permits will be required for drilling or excavating deeper than 18 inches. These permits 

will also be issued by the EG&G construction manager. A permit will be required for each project 

and will be valid for 60 days. The excavation permit will also be kept at the drill site. 
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7.0 DOCUMENTATION 

A permanent record of the implementation of this SOP will be kept by documenting field 

observations and data. The date of the manufacturer’s most recent calibration and certification will 

be documented if this information is available. Field calibration checks, geophysical observations, 

and data will be documented on the Borehole Clearing Analysis Form (Form GT.1OA). 

Administrative clearances will be documented on the Radiological/Health and Safety Work Pcrmit, 

and the Rocky Flats Excavation Permit. 
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Project Name: Date: 

Project Number: operator: 

Survey Type: Instrumentation: 

Date of last calibration and instrument certification: 

Field calibration dates: 

Location 
(Borehole ID and 
Coordinates (if 
Available) 

Surface 
Condition 

Max Anomaly Comments or Action 
Depth Present 

Interest 
of V / N )  
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RADIOLOGICAUIiEALTH & SAFETY WORK PERMIT i 

Instructions and rcyuircrncrlts for !lie use of tl>is'lotm aro contained in titis 6.05 Radiologic31/1.l:.S W o ~ k  l'crf11il i_ 
- JOB INFORMATION (To bc complctcd by job supervisor or pcrmil initiator) 

Job Name Auth or W o  t$ - 

Room d Date From (AWPM) To (AMPIX)  Bldg. 

scope of work 

_ j  
4 

c 
r ,  - DESCRIPTION OF HAZkFlOS (To be completcd by responsible user) 

HNO, (NiLric Acid) Energized System? 
HCI (Hydrochloric Acid) -Yes - No 
H,SO, (Sulfuric Acid) 

- 
- 

1 mv 
220v 
480v 
600V 
Above 6OOV 

.< - . .  - - - HF (Hydrofluoric Add) 
- Caustic - - Flammables 
- Trichloroethylene 

- 
n Beryllium 

HIGH TFMPIHIGH P%EUEE 

Vacuum 
- Ambient Pressure 
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- >15 psig 
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Below Ambient Temo 
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Engineer). 
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;otection. andor H8S Area 
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- Containment Pen 
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- Air Mover 
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- GB Exhaust 
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- Full Face 
- Supplied Breathing Air 
- SCBA 
__ Chemical Canister 

- Half Mask 
- Full Face 
- Supplied Breathing Air 
- SCBA 
__ Chemical Canister 

P 
REOUlREMENTS 
- Start of job 
-on call 
- Full time 

P 

. .  

TLD Dosimeter 
- Extremity Dosimeter 
- Special Dosimeter - 
REOUiREMENTS 
(Consult Job Supervisor) 
- Insulating Mat 

- Cover up - High Voltage Sleeves 

Insulating Blanket - 

High Voltage Gloves 
Class I 
Class II 

Hot Stidts 
- TIC Tracer 

Insulated Bucket Truck 
- Grounding Cable 
- Grounding Stick 

- 

PAF-JOB SURyEy 

Contamination levels and extent 

Gamma 
Neutron 
Limitations 

~ 

RPT Signature 

POST-JOB S( IRVF\L 

Contamination levels and extent 

Gamma 
Neutron 

RPT Signature 

Other Special Requirements 
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SGTlON I\L - PREPARATION FOR THE JOB (To be completed by the responsible user and job supervisor) 

_ _ _ _ - - ~  
RADIOLOGICAUHEALTH & SAFETY WORK PERhllT - CONTINUED i j -  

~~ 

(Job personnel signatures) 

The Building Manager (or designee) has been notified of upcoming work 
(notifier’s initials) 

THE SIGNATURES BELOW INDICATE REVIEW AND CONCURRENCE WITH THE WORK PERMIT A 

c; F‘ HP Contractor Supervisor (if applicable) 

‘AS Area Engineer Other 

EfZlSUM - PERMIT EXTENSION 

WORK PERMIT EXTENDED TO: 
H8S Area Engineer 

Job Supervisor agrees to tour area daily IO ensure compliance with HAS requirements. (Initials required for each day of extension) 

Dates: 

Initials: 

b Supervisor - White (retain permanently with job file) 
Blue (retain for 30 days) 
Yellow (retain for 30 clays) 
Buff (info copy) 

Radiological Protection - 
H I S  Area Engineer- 

POST CARD AT JOB SITE 
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&JITl:l INSPECTION 
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DISTRIBUTION: 
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2.0 PURPOSE AND SCOPE 

This standard operating procedure (SOP) describes procedures that will be used at Rocky Flats to 

plug and abandon (P&A) wells. Plugging refers to the physical process of filling the well cavity with 

grout while abandonment refers to the completion and documentation of all requirements of this 

SOP. Abandonment involves plugging the well with grout, and all related activities and 

documentation as described in this SOP. A well is defined for the purpose of this SOP as a ground 

penetration intended for monitoring the chemical, physical or potentiometric properties of 

groundwater, a ground penetration intended for production of groundwater, or a ground penetration 

of unknown status. Abandonment of boreholes, which are defined as ground penetrations drilled 

primarily for obtaining geologic and environmental information, is addressed in SOP GT.5, Plugging 

and Abandonment of Boreholes. 

3.0 PERSONNEL QUALIFICATIONS 

Personnel overseeing the abandonment of wells will be geologists, geotechnical engineers or field 

technicians with an appropriate amount of applicable field experience or on-the-job training under 

supervision of another quaiifled person. 

4.0 REFERENCES 

4.1 SOURCE-REFERENCES 

The following is a list of references reviewed prior to the writing of this procedure: 

Aller, L., T.W. Bennett, G. Hackett, RJ .  Petty, J.H. Lehr, H. Sedoris, D.M. Nielsen, and J.E. 

Denne. 1989. Handbook of Sumested Practices for the Design and Installation of Ground Water 

Monitoring Wells. EPA 600/4-89/034. National Water Well Association. 398 pp. 

I (401 1-REVM)29)(G111REV.1)(09/10/91) 
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Colorado Division of Water Resources, Board of Examiners of Water Well Construction and Pump 

Installation Contractors. 1988. Revised and Amended Rules and Regulations of the Board of 

Examiners of Water Well Construction and PumD Installation Contractors. 29 pp. 

U.S. Environmental Protection Agency. RCRA Ground Water Monitorinv Technical Enforcement 

Guidance Document. 1986. Office of Solid Waste and Emergency Response. OSWER-9950.1. 317 

PP. 

U.S. Environmental Protection Agency. 1975. Manual of Water Well Construction Practices: Office 

of Water SUD&. EPA-570/9-75-001. 156 pp. 

4.2 INTERNAL REFERENCES 

Related SOPS cross-referenced by this SOP are as follows: 

SOP F0.3, General Equipment Decontamination 

SOP F0.4, Heavy Equipment Decontamination 

SOP F0.6, Handling of Personal Protective Equipment 

SOP F0.7, Handling of Decontamination Water and Wash Water 

SOP F0.8, Handling of Drilling Fluids and Cuttings 

SOP FO.10, Receiving, Labeling, and Handling Environmental Materials 

Containers 

SOP F0.11, Field Communications 

SOP GT.2, Drilling and Sampling Using Hollow-Stem Auger Techniques 

SOP GT.3, Isolating Bedrock from the Alluvium with Grouted Surface Casing 

SOP GT.4, Rotary Drilling and Rock Coring 

SOP GT.5, Plugging and Abandonment of Boreholes 

SOP GT.lO, Borehole Clearing 

(401 1-REV~029)(GTl1REV.1)(09/10/91) 
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5.0 EQUIPMENT AND PROCEDURES 

Several field activities will be conducted in the process of well abandonment that are addressed in 

other SOPS, primarily within categories FO.0 -- Field Operations and GT.0 -- Geotechnical. 

5.1 MATERIALS AND EQUIPMENT 

The following materials and equipment may be used: 

0 Health and safety monitoring equipment and personal protective equipment 

according to the Health and Safety Plan. 

0 Well plugging and abandonment form. 

0 Drill rig and associated equipment. 

0 Reduced pH bentonite grout (American Colloid ”Pure Gold”, or approved 

equivalent), mixed in a powered mechanical grout mixer according to 

manufacturer’s recommendations. The grout will contain at least 30 percent solids 

by weight and have a minimum density of 9.9 pounds per gallon after mixing. A 

mud balance will be used to check grout density prior to pumping for each 

borehole. 

0 Concrete. 

0 Portable metal tanks for concrete flushing and mixing. 

0 High pressure steamer/spray. 
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0 Phosphate-free, lab grade detergent (e.g., Liquinox). 

0 Drums for containment of borehole effluent and sediment. 

Weighted measuring tape. 

0 Mirror. 

spotlight. 

5.2 PROCEDURES 

Equipment for plugging and abandoning boreholes will be used according to the pertinent 

requirements of SOP GT.2, Drilling and Sampling Using Hollow-Stem Auger Techniques and SOP 

GT.4, Rotary Drilling and Rock Coring. These requirements include use of contaminant-free 

lubricants only, and visual monitoring of equipment for hydraulic and/or fuel or oil leaks. All 

procedures will be conducted according to the Site Health and Safety Program Plan. If necessary, 

project-specific requirements will be addressed in a Standard Operating Procedure Addendum 

(SOPA). 

Several methods of well abandonment are addressed in the following sections. Selection of the 

appropriate method of abandonment for a given well must be addressed in the project-specific work 

plan, based on information compiled for the well. Factors to be considered in selecting the 

abandonment method include: 

0 Casing material 

0 Casing condition 

0 Diameter of casing and borehole 

(401 l-REV~~)(GI11REV.I)(D)/10/91) 
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0 Type and quality of original seal 
0 Depth of the well 

Plumbness of the well 

0 Hydrogeologic setting 

0 Location and ,type of zone(s) where contamination occurs 

The method selected for well abandonment should be consistent with the following purposes of well 

abandonment: 

0 Prevention of groundwater and soil contamination via the well 

Prevention of intermixing of subsurface water via the well 

Conservation of hydraulic characteristics of hydrogeologic units 

0 

0 

0 Minimization of physical hazards 

52.1 Abandonment Requiring Casing Removal 

If casing removal is specified in the work plan, four methods may be considered: 
0 Casing Pulling 

0 Casing Destruction 

0 Overdrilling 

0 Overcoring 

52.1.1 Casing Pulling 

Casing may be pulled using hydraulic jacks or the lifting capabilities of the drilling rig. A vibration 

hammer may also be used to augment the pulling. A high viscosity bentonite drilling mud may be 

placed in the casing to minimize collapse of the borehole walls as the casing is pulled. After the 

casing has been pulled, the borehole must be reamed to a diameter larger than the original hole 

(401 I-REV-0029)(GI11REV.1)(09/10/91) 
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to remove the annular materials in order to promote a good seal between the borehole wall and 

the new grout. 

52.12 Casing Destruction 

Destruction of the casing can be accomplished by drilling out the casing in place. Either 

hollow-stem auger or rotary drilling methods may be appropriate. A pilot bit or guide attached to 

the lead auger or tri-cone bit is advanced within the well casing as a guide in drilling out the casing. 

A high Viscosity bentonite drilling mud may be placed in the casing and periodically added as the 

boring is advanced. Thorough removal of the annular grout should be undertaken, either by drilling 

the boring to approximately the same diameter as the original borehole, or by reaming the borehole 

after making the initial run to destroy the casing. 

54 .13  Overdrilling 

For the purpose of this SOP, overdrilling refers to the use of hollow-stem augers to drill around the 

well casing. The hollow-stem auger should have an inside diameter of at least two inches larger 

than the well casing, and the auger flights -should be at least the same diameter as the original 

borehole. The augers are drilled to the full depth of the original boring. If possible, the casing will 

be pulled with the augers in place. If the casing should become stuck within the hollow stem, water 

may be forced down the casing and out the screen in an attempt to free the casing. If this 

procedure -fails, the casing must be pulled simultaneously with the augers. Reaming will be 

necessary after the casing is pulled to remove any remaining annular materials and debris. 

52.1.4 Overcoring 

For the purposes of this SOP, overcoring refers to the use of drilling equipment to overcore the well 

casing with a core bit. The core bit should have an inside diameter at least two inches greater than 
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the outside diameter of the well w ing .  The w i n g  is overcored to its total depth, and is pulled 

prior to or simultaneously with the drill rods. The boring is then reamed to a diameter larger than 

the original hole to remove annular materials and debris. 

5 2 2  Abandonment Without Casing Removal 

If specified in the work plan, the well may be abandoned with the casing left in place. Wells which 

do not penetrate a confined hydrostratigraphic unit (HSU) may be grouted as addressed in 

Subsection 5.2.3. Wells penetrating more than one aquifer or contaminant zone may also be 

abandoned with the casing left in place. If, however, documentation of the well does not clearly 

indicate that the casing opposite each confining layer or between two contaminant zones has been 

properly grouted, or if the well is otherwise known to be nonviable due to absent or inadequate 

grouting, the casing in such intervals must be perforated or ripped. These intervals will require 

pressure grouting. 

5 2 3  Grouting 

Unless specified in the work plan due to site-specific condiLms, grout shall consist of American 

Colloid Company "Pure Gold" grout, or approved equivalent, mixed according to the manufacturer's 

instructions. Grout will be emplaced by pumping through tremie pipe or drill stem, with the bottom 

end of the pipe always being maintained below the top of the grout slurry within the well. It is 

advantageous to begin the grouting process with hollow-stem augers or temporary casing in the 

borehole, removing sections as the grouting progresses in order to minimize borehole collapse. 

Grout should be applied in as nearly as continuous a procedure from bottom to top as is practical 

to minimize segregation, dilution and bridging problems. If possible, the tremie pipe should be kept 

near the bottom of the well, and the grouting continued until it is purged from the borehole 

undiluted. 

(401 l-REV4029)(GTI1~.1)(09/10/91) 
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To abandon wells in HSUs with high permeability, clean sand may be placed by tremie pipe up to 

the static water level (in unconfined HSUs) or to the confrning layer (in confined HSUs). A seal 

of hydrated bentonite will be placed above the sand. After allowing sufficient time for the hydration 

of the bentonite seal, the well will be grouted to the surface as described above. 

52.4 Surface Protection 

If casing is left in place, a water-tight cover must be permanently fured to the top of the casing. 

Remaining casing may be cut off a minimum of one foot below ground level provided the 

permanent cover is attached and original surface contours are restored. 

For all wells, concrete will be placed above the top of the bentonite grout, after allowing sufficient 

time for the grout to set. This concrete should extend three to five feet below the ground surface. 

At the surface, the concrete will consist of a slab, shaped within a concrete form at least six inches 

thick (vertical dimension), with a diameter no less than two feet greater than the diameter of the 

well. The form should be dug slightly into the ground so that the surface of the finished concrete 

slab will be one or two inches above the ground surface. Welded wire fabric (10-gauge or heavier 

6-inch x 6-inch) shall be placed at mid-depth in the slab. 

When the concrete slab is semi-hard, a stainless steel or aluminum plate with well ID and date of 

abandonment will be anchored to the surface of the slab. The date on which abandonment of the 

well was completed will also be written in the surface of the concrete while semi-hard. 

6.0 EQUIPMENT DECONTAMINATION 

Pertinent decontamination procedures described in SOP F0.3, General Equipment 

Decontamination, and SOP F0.4, Heavy Equipment Decontamination, will be followed. 

Decontamination and wash water will be handled according to SOP F0.7, Handling of 

Decontamination Water and Wash Water. 
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7.0 HANDLING AND STORAGE OF MATERIALS 

The materials removed as part of the well abandonment process will include: 

0 Large solids (e.g., lengths of semi-intact well casing) 

Small solids (e.g., drill cuttings, old grout, destroyed well casing) 

Liquids (e.g., drilling fluids, excess grout and formation water) 

0 

0 

The following describes the methods which will be followed to handle and store these materials. 

7.1 CASING 

Casing will be cut into manageable lengths as it is removed from the borehole. The casing will be 

scanned with a radiation meter and PID. Clean the casing with a brush to remove the major dirt 

and debris. Wrap casing in plastic sheeting or plastic bags, tape shut, and transport to the central 

decontamination station. Finish decontaminating casing using a. high pressure hot water washer. 

Stack into piles on plastic tarp. Cover with another plastic tarp. EG&G personnel will then screen 

the casing and determine the appropriate method of disposal. 

72 SMALL SOLIDS AND SEMI-SOLIDS 

These materials (e.g., small pieces of casing, concrete, dril cuttings, etc.) will be handled according 

to SOP F0.8, Handling of Drilling Fluids and Cuttings. 

7 3  LIQUIDS 

Liquids displaced from the borehole during grouting will be collected and handled according to SOP 

F0.5, Handling of Purge and Development Water, and SOP FO.8, Handling of Drilling Fluids and 
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Cuttings. This will require provision at the ground surface to collect fluid, such as a portable 

"keyhole" pit or berm around the top of the borehole or casing discharging to a tank. In deep 

boreholes when relatively large quantities of fluids are anticipated, more elaborate measures such 

as grading the area and constructing lined pits, may be required to control displaced environmental 

materials. This will be addressed in an SOPA. 

8.0 QUALITY ASSURANCE/QUALITY CONTROL 

Quality assurance (QA) and quality control (QC) activities will be accomplished according to 

applicable project plans as well as quality requirements presented in this SOP. 

9.0 DOCUMENTATION 

Information required by this SOP will be documented on the Well Plugging and Abandonment 

Form (Form GT.llA), and Drilling Field Activity Daily Log or logbook. Environmental materials 

handling will be documented according to SOP F0.8, Handling of Drilling Fluids and Cuttings. The 

information will be recorded in a logbook. 

* '  

Project, crew and borehole identifications 

Weather conditions 

Equipment descriptions (rig, tremie, pump, etc.) 

Water level in borehole prior to abandonment (if any) 

Borehole depth/diameter 

Volume of grout placed 

Type/length/diameter of casing/screen removed 

Type/depth/diameter of casing/screen left in place 

End-of-day status (i.e., partially complete, cap set, etc.) 

(401 I-REV-0029)(CnlREv.l)(09/10/91) 
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0 Chronological record of activities 

Copies of the completed Well Abandonment Forms, together with a cover letter signed by the task manager 

and field geologist, will be mailed within 30 days of the abandonment to: 

Colorado Division of Water Resources 
Office of the State Board of Engineers 
1313 Sherman Street, Room 818 
Denver, Colorado 80203 
ATT'N: Well Abandonment 

(401 l-REVMIB)(GTllREV.1)(09/10/91) 
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U.S. DEPARTMENT OF ENERGY KOChT FLATS PLANT 

WELL PLUGGING AND ABANDONMENT FOKM 

1. Well Specifics: 
a. Well Id. No. 
b. Reported well depth (feet) 
c. Field well depth (feet) 
d. Number of screens 
e. Screened interval(s) 
f. Screen diameter(s) 
g. Screen type(s) (SS or PVC, etc.) 
h. Casing diameter(s) (in.) 
i. Casing type (PVC, steel, etc.) 
j. Stickup or flush mount 
k. Penetrates confining layer(s) (Y or N) 
1. Aquifer(s) monitored 

2. Reason for Abandonment: 

3. Abandonment Specifics: 
a. Date abandonment begins 
b. Date abandonment ends 
c. ID number of field book used 
d. Site personnel 

e. Drilling method used 
f. Grout used 
g. Casing removed (Y or N) 
h. Metal detection plate installed (Y or N) 
i. Concrete pad inscription 

j. Briefly describe abandonment method: 

k. Disposition of materials removed from well: 

4. Comments or problems encountered: 

Printed name, title, and company of person completing this form 

Signature Date 

Attach one copy of Well Abandonment Log to this form when completed. Attach one copy of the Well 
Construction Log (if available) to this form when completed. 

(401 I - R N ~ 2 9 ) ( G ~ l R E v . l ) ( 0 9 / 1 0 / 9 1 )  
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2.0 PURPOSE AND SCOPE 

This standard operating procedure (SOP) describes procedures that will be used at the Rocky Flats 

Plant (RFP) for conducting downhole geophysical logging. Geophysical logging may be 

accomplished by employing a variety of downhole instruments. Geophysical logging methods may 

include, but are not limited to, temperature log, caliper log, density log, focused log, induction log, 

micro log, neutron log, sidewall neutron log, spontaneous potential log, acoustic log, variable density 

and full-waveform sonic log, dip log, gamma ray log, or collar log. 

Accurate and dependable quantitative analysis of the data requires that the logging operation be of 

the best possible quality. The following sections describe all procedures that will be used to collect 

and document downhole geophysical data. 

3.0 RESPONSIBILITIES AND QUALIFICATIONS 

Oversight and supervision of geophysical logging operations will be conducted by an EG&G or 

subcontractor representative. Downhole logging is to be performed by a qualified and reputable 

firm with geophysical logging expertise. 

Prior to any geophysical logging operation, the EG&G or subcontractor representative will contact 

the manager and/or supervisory operator of the logging service company to review the logging 

program and supply the information necessary to have all applicable equipment at the drill site 

when required. An appropriate suite of downhole logs will be agreed upon based on the project- 

specific objectives presented in the work plans. The subcontractor will have ultimate responsibility 

for data quality. 
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4.0 REFERENCES 

4.1 INTERNAL REFERENCES 

Related SOPS cross-referenced by this SOP are as follows: 

0 SOP F0.3, General Equipment Decontamination 

SOP F0.4, Heavy Equipment Decontamination 

SOP F0.16, Field Radiological Measurements 

0 

0 

5.0 PROCEDURES 

The use of geophysical logging will be discussed in the project work plans. Given the'project- 

specific objectives and the subsurface information required, an appropriate suite of logs will be 

proposed and agreed upon. The EG&G or subcontractor representative will subsequently provide 

the logging service company with all pertinent information required to conduct the downhole logging 

(e.g., objectives, types of lithologies, etc.). The logging company will maintain access to any 

additional logging equipment requested by the EG&G or subcontractor representative and will 

provide the additional logging service within eight hours of the request. 

The subcontractor will notify the appropriate EG&G personnel of the initiation of downhole logging 

activities, including Security and Radiological Engineering-approved contractor Environmental 

Health and Safety Specialists. Prior to entry onto the RFF', downhole instruments will be examined 

by Security. Particular emphasis will be placed on checking the downhole instruments that have 

radioactive sources. The logging service company will be required to present documentation of 

downhole source certification. If a radioactive source will be used, the logging truck will carry the 

appropriate placards, and the source container will be appropriately labeled. 
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When the logging service company arrives at the drill site, the EG&G or subcontractor 

representative will review the logging program with the logging operator and provide information 

necessary for completing the Borehole Geophysical Logging Form (Form GT.15A). Logging Units 

will be computerized and logs will be digitally recorded on tape or disk. The tapes or disks will 

become the property of EG&G and their final disposition will be determined at the end of the 

project. 

Field prints of all logs will be made; no portion of the log run, including calibration steps, will be 

destroyed. Field prints will be collected by the subcontractor’s representative at the end of each 

day. No hole will be left unlogged at the end of the day. 

The EG&G or subcontractor representative, as well as any appropriate EG&G personnel, will have 
I access to the logging unit at all times in order to monitor logging activities. The subcontractor’s 

field supervisor is responsible for notifying the logging company as soon as a hole is available for 

logging. Holes should be left open for as little time as possible. In the event of a stuck tool, every 

effort will be made to recover the tool. If the tool contains a radioactive source and cannot be 

recovered, State of Colorado guidelines will be followed in order to recover as much of the tool as 

possible, or the tool will be cemented in place. 

After completion of logging activities in a given borehole, all logging equipment will be 

decontaminated in accordance with SOP F03, General Equipment Decontamination and SOP 

F0.4, HeaVy Equipment Decontamination. After decontamination, radiation monitoring activities 

will be conducted by Radiological Engineering-approved contractor Environmental Health and 

Safety Specialists. Monitoring will be conducted for geophysical logging equipment and personnel 

before they leave the work area. All radiation monitoring will be done in accordance with SOP 

F0.16, Field Radiological Measurements and the Health and Safety Program Plan. After radiation 

monitoring, all equipment and personnel will proceed to the decontamination facility for final 

decontamination. 

(401 l-REVaOM)(GTl5REV.l)(0)/11/5’1) 
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6.0 DOCUMENTATION 

Logging information will be documented on the Borehole Geophysical Logging Form (Form 

GT.1SA) and the Quality Control Check List (Form GT.15B). Prior to releasing the logging 

operator, the EG&G or subcontractor representative will check these forms for completeness. An 

" N / X  can be substituted for a check on the Quality Control Check List if the item is not applicable 

to the logging run in progress. Any unmarked items will be discussed and recorded in the 

"REMARKS' section. When the EG&G or subcontractor representative is satisfied with the 

performance of the logging operation, he/she and the logging operator both will sign and date the 

Quality Control Check List. Forms will be completed in the field without transcribing from a field 

book or other document. This technique reduces offsite work hours for the geologist or 

geophysicist, reduces the chance for errors in manual copying, and allows the completed document 

to be field-reviewed immediately after logging. 

High quality, reproducible logs will be submitted by the logging service company to the 

subcontractor's office within 10 working days after the logging run is completed. 

6.1 EQUIPMENT CALIBRATION 

The geophysical logging company will calibrate all logging equipment before and after the logging 

run. The geophysical logging company will provide documentation of all shop calibrations, surface 

calibrations, and calibrations performed before and after the logging run to the subcontractor. The 

geophysical logging company will possess documentation of downhole instrument source certification 

for any radioactive tools. 

(401 I-REV~)(CnSREV.1)(09/11/91)  
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LOG RUNS 

Induction 
Natural Gamma 
Neutron 
Spontaneous Potential 
Short-Normal Resistivity 
Long-Normal Resistivity 
Caliper n Temperature 

BOREHOLE GEOPHYSICAL LOGGING FORM 

FORM GT.15A 
Page 1 of 1 

Date: 

Project No.: 
Project Name: 
Sample Location: 

Weather Conditions: 
Observa tions/Comments: 
Hole Conditions: 

Fluid in Hole: 
Fluid Temp: 
Fluid Resistivity: 

Casing: 
Type of Casing: 
Casing ID: 
Bit Size: 

Y N 

Y N 

e 

Remarks: 

Supervisor: 
Signature: 
Company: 

Logging Operator: 
Signature: 
Company: 

(401 I -REV)(GTIJREV. I)(FORM I5.WKI )(9/11/91) 
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BOREHOLE GEOPHYSICAL LOGGING 
QUALITY CONTROL CHECK LIST 

Logging speeds recorded and conform to clients request or service company specification I 15 I 
NEUTRON AND NATURAL GAMMA RAY LOGS 

Caliper recorded I 16 1 
Background gamma ray recorded I 17 1 
Ground electron in a stable position 18 

19 
20 
21 
22 

s ~ ~ , ~ O U S  POTENTIAL 

Adequate scale for SP sensitivity approximately 5 divisions deflections from shale line to clean sand line 
SP baseline shifts greater than one division corrected abruptly and labeled 
If SP abnormal r e r u n  with survey current off and ground electrode checked 
While on bottom prior to logging SP recorded and labeled with current on and off 

RESISTIVITY LOGS 
Mud or borehole fluid resistivitv recorded I 23 I 

Logging enginecr shall check all itcms No. 1 to 36 applicable to thc logging operation. 
Items unchecked shall be discussed and recorded in tlie "REMARKS" section. 
Items not applicable will be designated 'NIA". the Logging Operator and supervisor representative 
will sign and date the checklist upon completion of the logging operations and this checklist. 
Any additional comments should be included on the "REMARKS" section. 

Date: 

Caliper recorded 
Background gamma ray recorded 
Bulk density (g/cc) and porosity (%) curves recorded 
Matrix densitv and fluid densitv labeled 

28 
29 
30 
31 

(CALIPER LOG I 
~ ~~ 

Magnitude (size) of changes in borehole diameter capable of being distinguished are specified on log I 24 I 
Recording made in casing (if present) as a check of calibration [ 25 I 
Log recorded while roinr in hole I 26 I 

TEMPERATURE LOG 

Correction curves (glcc) recorded I 32 ] 
SONIC LOG 

~~ 

Adequate scale for velocity sensitivity 

Adequate scale for conductivity sensitivity 

I 33 I 
1341 

1 35 I 

INDUCTION LOG 

DIPMETER 

FRACTURE LOG 
Adequate scale for sensitivity 

Adeauate scale for sensitivity I 36 I 

(401 I -REV)(GTI5REV.I )(FORMI J.WKI )(9/ 11/91 ) 
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BOREHOLE GEOPHYSICAL LOGGING 
QUALITY CONTROL CHECK LIST 

Date: 

Additional Comments: 

Supervisor: 
Signature : 
Company: 

Logging Operator: 
Signature: 
Company : 

(401 I -REV)(GTl5REV. I )(FORMI 5.WKI )(9111/91) 1 
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2.0 PURPOSE AND SCOPE 

This standard operating procedure (SOP) describes procedures that will be used at the Rocky Flats 

Plant (RFP) to perform land surveying associated with all EM activities conducted by EMD. 

Accurate and dependable land surveying techniques are necessary to insure acquisition and 

documentation of data pertaining to the surface topography, geologic lithology, hydrogeologic and 

atmospheric regimes at the site. Reliable land surveying data are essential to determining accurate 

areal and vertical locations of data acquisition (sampling) points and to tie these points into 

established map coordinates of the surrounding area. This SOP describes procedures to be used 

during the preliminary placement of sampling points and land surveying requirements to accurately 

locate the points prior to, or after, the data acquisition event. 

3.0 RESPONSIBILITIES AND QUALIFICATIONS 

Oversight and supervision of the sampling point location and land surveying operations will be 

conducted by an EG&G or subcontractor representative. Preliminary location of the points may 

be performed by either EG&G or subcontractor personnel familiar with the project site and trained 

in the use of primary surveying equipment ,(e.g. Brunton compass, tape measures, plumb bobs). 

However, the actual land surveying activities required to document the sampling point locations for 

the project record will be performed by a professional land surveying contractor. The land 

surveying activities will be conducted by, or under the direct supervision of, a licensed Colorado 

Professional Land Surveyor. 

Prior to any land surveying operation, the EG&G or subcontractor representative will contact the 

manager and/or supervisory team leader of the surveying contractor to review the surveying 

program and supply the information necessary to complete the surveying program (e.g. list and 

location of wells or boring to be surveyed, approximate length and location of geophysical lines, 

etc.). Appropriate project-specific objectives presented in the work plans will be discussed at this 

(401 1 - R E V ~ 1 ) ( C n ~ . 1 ) ( 0 9 / 1 0 / 9 1 )  



LAND SURVEYING 

EG&G ROCKY FLATS PLANT Manual: 
EMD MANUAL OPERATION SOP Procedure No.: 

Page: 
Effective Date: 

Category 2 Organization: 

5-21000-OPS 
GT.17, Rev. 1 

3 0 f 6  
August 30, 1991 

Environmental Management 

time. The subcontractor will have the ultimate responsibility for surveying data quality. 

4.0 REFERENCES 

4.1 INTERNAL REFERENCES 

Related SOPS cross-referenced in this SOP are as follows: 

SOP GT.6, Monitoring Wells and Piezometer Installation 

SOP GT.7, Logging and Sampling of Test Pits and Trenches 

SOP GT.8, Surface Soil Sampling 0 

SOP GT.lO, Borehole Clearing 

5.0 PROCEDURES 

5.1 PRELIMINARY LOCATION OF SAMPLING POINTS 

The proposed locations of the data acquisition points will have been discussed in the project work 

plans with the locations indicated on project site maps/figures and/or described in the text. EG&G 

and subcontractor personnel will review the proposed sampling points prior to actual location in the 

field and come to final agreement regardingthem. 

Preliminary location of the sampling points prior to sampling will be achieved by staking and 

flagging the points. These activities will, in most cases, be performed by the subcontractor and/or 

EG&G personnel and will attempt to achieve location accuracies of f 10 feet of the proposed work 

plan data acquisition points. Once the sampling activity is performed, the accurate location of the 

sampling point will be determined by precise land surveying methods. 

(401 l-REV-00)1)(G117REV.l)(W/lO/91) 
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In the following example, a soil boring sampling point is to be established to obtain split spoon 

samples of suspected contaminated soils in proximity of an RFP Operating Unit. The staking and 

flagging procedures employed for such a sampling event are representative of any data acquisition 

program at RFP and are presented herein to illustrate the generic procedures to be used in all 

EMD/EM programs. Predrilling staking and flagging will be performed as follows: 

A stake and orange flagging will be placed in close proximity to the preliminary sampling point 

location as identified on the project map. If a more precise placement is dictated (such as to place 

a monitoriig well directly downgradient of a buried pipe etc.), a Brunton compass and steel tape 

will be used. The predrilling site should be located within approximately five feet either direction 

of the map location and marked with a stake and orange flagging. 

If the preliminary location falls in an unfavorable site, a stake and green flagging will be placed in 

close proximity noting footage and direction to actual preliminary site location. The EG&G project 

manager or designee will then make the determination as to final placement of the borehole and 

relocate the site with a stake and orange flagging. Each stake will have the borehole number clearly 

marked in permanent ink. EG&G EM staff will field check each borehole location and approve 

the sites prior to the initiation of drilling. ' ' 

The above procedures provide satisfactory site placement accuracy to conduct data and/or sample 

acquisition events. All site measurements pertaining to location obtained during the event (i.e., 

horizontal iind vertical distance offsets) are subsequently related back to this staked location. Land 

surveying methods, discussed in the next subsection, are then used to precisely tie the staked 

location into regional surveyed databases. 

NOTE It is critical that the flagged stakes used to preliminarily locate a data acquisition site be 

preserved intact during and after, the sampling event until the accurate land survey of the 

point is completed. The stake represents the only historical reference point for the 
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sampling event and must be protected. If the stake must be destroyed during the sampling 

event (e.g. a soil boring or trench is placed at the staked location), appropriate offset stakes 

must be installed and documentation of the offsets (both horizontal and vertical) recorded 

in log books. Once a sampling event is completed, the original staked location is 

reestablished and staked from this documented offset information. 

5 2  FINAL LOCATION OF SAMPLING POINTS 

Before the final survey begins, the EG&G or subcontractor representative will contact the manager 

and/or supervisory team leader of the surveying contractor to review the surveying program. Any 

information needed to complete the surveying program (e.g. list and location of sample sites to be 

surveyed, list and location of benchmarks to be used during the survey, site access, etc.) will be 

supplied. Any other specific project objectives will also be discussed. 

Instruments used for surveying will be recalibrated and recertified, if required. The date of the last 

calibration and certification will be documented on the Land Surveying Form (Form GT.17A). The 

minimum relative accuracy for surveying will be 0.1 foot horizontally and vertically. Monitoring 

wells may be located to the 0.01 feet in elevation because water level measurements are usually 

estimated to the 0.01 foot. 

Final location of the sample sites will be achieved by setting a marked stake with a tack in it at the 

exact location. If a monument already exists, the location of the monument will be surveyed. For 

abandoned borehole sites, the locating point will be at the center of the grout cap. For well sites, 

horizontal measurements will be taken to the well center. Three elevation measurements will be 

made: the elevation of the grout or concrete apron adjacent to the north side of the well casing, 

the elevation of the top of the well casing and the elevation of the top of the protective casing. All 

elevation measurements will be made on the north side of the well. 

(401 1-REV-oCnl)(Gll7REV.l)(W/10/91) 
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All monument coordinates will be established by closed traverse, trilateration or other method that 

provides for verification of relative accuracy. All monument coordinates will be reported on the 

Colorado State Planar Coordinate System. (Lambert Projection, NAD 1927) Central Zone. The 

coordinates will be true state plane coordinates. All monument elevations will be established using 

at least two controlsfienchmarks of known elevation. Monument elevations will be reported 

according to USGS standards. In addition, all monument locations will be checked by tying the site 

into a second known control/benchmark. One benchmark will be east of RFP and the second 

benchmark will be west of RFP. 

6.0 DOCUMENTATION 

A permanent record of the implementation of this SOP will be kept by documenting field 

observations and data. The date of the most recent calibration and certification of the equipment 

will be documented. Field calibration checks, surveying observations, and data will be documented 

on the Land Surveying Form (Form GT.17A). A numerical printout of all coordinates and data 

provided on a 3 1/2” diskette along with a base map will be delivered to the EG&G or 

subcontractor representative within ten working days. 
I.- 

(401 l-REV-0031)(GTl7REV.l)(09/10/91) 
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LAND SURVEYING FORM 

FOKhl (X .17A 

Project No.: Date: 

Project Name: Weather Conditions: 

Site Location: 

Survey Purpose: 

Degree of Relative Accuracy Required: 

0 bservations/Comments: 

a 

-. .. 

SITE SKETCH: 

Remarks: 

supervisor: Surveyor: 

Signature: Signature: 

Company Company: 

(401 1 -R~oo3l)(GT17REv.l)((19/1oj91) 
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Verification of survey sites 

Survey form heading completely filled out 

Abnormal or unusual conditions noted in "remarks" section 

e 

1 

2 

3 

1 -  

Instrument calibration and certification verified 

Site location sketch completed or attached 

PRELIMINARY SURVEY 

U S .  DEPARTMENT OF ENERGY ROCKY FLATS 

4 

5 

LAND SURVEYING 
QUALITY CONTROL CHECKLIST 

Site located 

Site staked or flagged 

Surveyor shall check all items No. 1 to 14 applicable to  the surveying operation. 
Items unchecked shall be discussed and recorded in the "REMARKS" section. 
Items not applicable will be designated "N/A", the surveyor and supervisor representative will sign and date the checklist upon 
completion of the surveying operations and this checklist. 
Any additional comments should be included on the "REMARKS" section. 

6 

I 

GENERAL No. 

FINAL SURVEY 

Site coordinates recorded 8 

Site elevations recorded 

WELL SITES 

Elevation of grout or concrete pad recorded 

Elevation of top of well casing recorded 

Elevation of top of protective casing recorded 

CHECKS 

I I 

9 

10 

11 

12 

Site coordinates checked 

Site elevations checked 

13 

14 

Remarks: 

(401 I-REv~l)(GTL~.I)(09/10~1) 
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20 PURPOSEANDSCOPE 

This standard operating procedure (SOP) describes procedures that will be used at the Rocky Flats 

Plant (RFP) for conducting surface geophysical surveys. In general, surface geophysical surveys will 

be conducted to aid characterization of the subsurface. Geophysical techniques measure variations 

in the physical properties of the subsurface. Thus, they are useful in identifying interfaces indicated 

by changes in seismic velocity, density, resistivity or conductivity, fluid content, degree of fracturing, 

soil or rock thicknesses, or linear features such as faults or dikes. Since they measure physical 

property variations, geophysical techniques can aid the delineation of man-made subsurface features 

(pipelines or buried tanks, drums, and trenches) as well as subsurface contamination. This SOP 

specifically addresses shallow electromagnetic (EM), ground penetrating radar (GPR), and self- 

potential (SP) techniques. 

3.0 RESPONSIBILITIES AND QUALIFICATIONS 

Oversight and supervision of the geophysical surveys will be conducted by EG&G personnel. The 

subcontractor project manager or task leader is responsible for assigning project staff to perform 

the geophysical surveys. Project staff performing these surveys will be trained geophysicists or 

trained personnel with a significant amount of geophysical field experience. The task leader is also 

responsible for assuring that these and any other appropriate procedures are followed by all project 

personnel. 

Only qualified personnel shall be allowed to perform geophysical surveys. Qualifications are based 

on education, previous experience, or on-the-job training with supervision by another qualified 

person. All staff involved with the geophysical surveys shall have previous experience with data 

collection and interpretation procedures for the methods used. The subcontractor Project Manager 

shall document personnel qualifications related to this procedure in the project QA files. 

I (401 I-REV)(GTISRW.I)(09/11/91) 
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4.0 REFERENCES 

4.1 SOURCEREFERENCES 

The following is a list of references prior to the writing of this procedure: 

A ComDendium of SuDerfund Field Operations Methods. EPA/540/P-87/001. December 1987. 

Comb, R.F. 1990. Applications of the Self-potential Method for Engineering and Environmental 

Investigations, in proceedings of the Symposium on the Application of Geophysics to Engineering 

and Environmental Problems, 1990, Golden, Colorado. 

Corwin, R.F., and Butler, D.K. 1989: Geotechnical Applications of the Self-potential Method; 

Report 3; Development of Self-Potential Interpretation Techniques for Seepage Detection: 

Technical Report REMR-GT-6, U.S. A r m y  Corps of Engineers, Washington, D.C. 

Guidance for Conducting Remedial Investigations and Feasibility Studies Under CERCLA. Interim 
Final. October 1988. . .  

McNeill, J.D. 1980. Electromagnetic Terrain Conductivitv Measurement at Low Induction 

Numbers, Technical Note TN-6, Geonics Ltd., Canada. 

RCRA Facilitv Investigation Guidance. EPA. Interim Final. May 1989. 

Related SOPS cross-referenced in this SOP are as follows: 

(401 I-REV)(GTl8REVV.1)(03/11/91) 
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5.0 

5.1 

5.1.1 

0 SOP F03, General Equipment Decontamination 
0 SOP GT.10, Borehole Clearing 

PROCEDURES 

The use of geophysical techniques will be discussed in the project work plans. Given the project- 

specific objectives and the subsurface information required, an appropriate geophysical program will 

be proposed and agreed upon between EG&G personnel and the subcontractor. The purpose of 

the subsurface investigation and result expectations must be outlined. Prior to the collection of 

geophysical data, several preliminary considerations must be made. These include as a minimum: 

b Review existing and appropriate site, area, and regional subsurface geologic and 

hydrogeologic information including soil characteristics. 

b Define any known hazards that pose a threat to the safety of field personnel. 

b Review site utility plans and obtain the locations of electrical and telephone 

utilities and address their potential influence on survey results. 

Subsequent sections describe specific procedures for each technique. 

ELECIROMAGNEIICS 

Introdudion 

Electromagnetic (EM) methods provide a rapid means of measuring the electrical conductivity of 

subsurface soil, rock, and groundwater. Thus, it can be useful for assessing subsurface conditions 

such as depth and orientation of bedrock; lateral variations in soil and rock and extent of 
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paleochannels; lateral, and in some instances, vertical extent of contaminants; and the presence of 

ferrous and nonferrous metals. 

The method involves the induction of electrical current into the subsurface. A small alternating 

current passing through a transmitter coil produces a primary, time-varying magnetic field into the 

ground. Through inductive coupling, the primary magnetic field produces small eddy currents in 

the subsurface which, in turn, create their own secondary magnetic field. The receiver coil senses 

both the primary,and secondary fields. Changes in magnitude and phase of the individual currents 

are linearly related to the terrain conductivity. These changes in the individual currents are 

converted to voltages and output as ground conductivity values, which can be recorded manually, 

by a strip recorder, or a digital logger. Depth of investigation is related to the separation between 

the transmitter and receiver coils. By using multiple coil spacings, several penetration depths can 

be achieved. All conductivity values are subsequently plotted on a map so that their variation over 

the site can be analyzed. 

Terrain conductivity is a function-of the soil or rock composition, the porosity and permeability of 

the subsurface units, and the conductivity of the fluids filling the pore spaces. The possible sources 

of an EM anomaly must be kept in mind when collecting the data and during interpretation. 

This SOP specifies procedures for EM surveys utilizing shallow penetration systems including the 

EM-31, EM-38, and EM 34-3. These instruments can be utilized with two different coil 

orientations, the horizontal dipole mode (co& vertical coplanar) and the vertical dipole mode (coils 

horizontal coplanar). The two modes provide different penetration depths to be achieved. 
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5.12 survey Design 

5.l.21 ListofNecessarvEa uiment 

The following is a list of equipment that will be necessary to complete an EM survey: 

0 Geonics EM-31, EM-38, or EM 34-3 terrain conductivity system or equivalent 

Digital logger and/or analog strip recorder (when data collection is over large grid 

(choice based on depth penetration required) 
0 

area) 
0 Wood stakes or lath 

0 flagging 

0 Field notebook 

0 Pens with nonwater-soluble ink 

5.122 Field Procedures 

A standard field procedure for conducting an EM survey is described below. Prior to EM data 

collection, two preliminary procedures must be conducted. These are: 

0 Design appropriate field parameters, given the purpose of the survey, (depth of 

investigation, whether EM-31, EM-38, or EM 34-3 is used, coil spacing, coil 

orientation, station spacing, etc.). 

0 Survey the locations of line endpoints along each line and denote those locations 

in the field with lath or other wood stakes. Mark stations with coordinate 

designation based on RFP coordinate system. Transfer line and station locations 

to appropriate base map. 



SURFACE GEOPHYSICAL SURVEYS 

EG&G ROCKY mATs PLANT Mannal: 
EMD MANUAL OPERATION SOP P r d u r e  No.: 

Ef€& Date: 
Page: 

category 2 0 I . p i d O I C  

5-21000-OPS 
GT.18, Rev. 1 

8 of 3l 
August 30,1991 

Environmental Management 

Design of appropriate field parameters must consider the following: 

The coil spacing should be 0.75 to 15 times the required depth of penetration 

depending on whether the instrument will be used in the vertical or horizontal 

dipole mode. Instrumentation must be chosen so that the objective penetration 

depths can be achieved. Table GT.18-1 summarizes instrument modes and 

approximate penetration depths. 

Spacing between stations determines the degree of resolution achievable; a spacing 

of 10 to 100 feet is commonly used, however, spacing as small as 2 feet may be 

required for extremely shallow targets or to aid resolution in very complex 

environments. Actual chosen station spacing must be determined by resolution 

and maximum depth required, and overall survey objectives. 

For grid areas, intraline spacing affects resolution; a spacing of 50 to 500 feet is 

commonly used. However, smaller spacing may be required depending on the 

resolution required and overall survey objectives. 

Definition of an EM anomaly requires three or more anomalous readings. 

Background conductivity noise caused by cultural interference, such as overhead 

or buried powerlines and steel-cased monitor wells, must be evaluated and/or 

estimated to assess their potential effect on an EM survey. High noise levels can 

make interpretation difficult and can cause significant anomalies to be overlooked 

and, in some instances, can make data collection and interpretation impossible. 

Actual background noise must be considered when collecting and interpreting the 

EM data. 
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Background conductivities for the investigated materials or groundwater should be 

. determined to aid anomaly interpretation. Conductivities for site-specific 

groundwater should be determined by analyzing samples from monitoring wells 

adjacent to the survey area. This should be done as close as possible to the actual 

survey date to ensure that the pore water conductivity determined is representative 

at the time of the survey. 

TABLE GT.lt4-l 

EM INSTRUMENT MODE AND PENJZIRATION DEITHS 

Instrument coil Mode Approximate Depth of 
e 

Spacing Penetration (ft) 

EM-38 Fived - 1 meter 
(3.28 feet) 

(12 feet) 

(32.8 feet) 

20 meters 
(65.6 feet) 

40 meters 
(131.2 feet) - 

EM-31 Fixed - 3.66 meters 

EM-34-3 Variable - 10 meters 

HDM 
VDM 

HDM 
VDM 

HDM 
VDM 

HDM 
VDM 

HDM 
VDM 

2.5 
5 

9 
18 

25 
49 

49 
98 

98 
197 

Note: HDM = Horizontal Dipole Mode 
VDM = Vertical Dipole Mode 

(401 I-REV)(GTlSREV.l)(OS/I 1/91) 
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A standard field procedure for conducting an EM survey is described below. 

1. 

2. 

3. 

4. 

5. 

6 .  

7. 

Perform a visual survey along the proposed lines. The visual s k e y  will include a 

review of site utility plans; check for overhead wires; check for manhole covers, buried 

cables, buried gas line indications, or steel-cased monitoring wells; and have site 

locators confirm the presence of any possible telephone and utility features. Note any 

features in field notebook. 

Note excessive amounts or large pieces of metal on the ground surface in field 

notebook. 

Note large nearby variations in topography or buildings (within 50 feet) in field 

notebook. 

Check instrument battery for sufficient charge and test instrument using 

manufacturer’s procedures. 

Initiate site survey traverse with EM instrument. Instrument operation must follow 

manufacturers operating procedures for horizontal and vertical dipole mode operation. 

Record the obtained conductivity value in the data logger, or field notebook. Note 

station number and coordinates. 

Continue above procedure for each station along the line. For two or more coil 

spacings or orientations at each station, multiple passes along each line are made, 

ensuring that occupied stations are repeated with each coil orientation. 
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5.13 

52 

52.1 

8. If hard copies of each line of data from strip recorder are made, label and/or number 

all notations made on the record to correspond to notes made in the field notebook. 

9. When a data logger is utilized, download data from the data logger on a daily basis 

to computer for further analysis. 

Data ProcesSing and Interpretation 

A standard procedure for processing and interpreting the EM data is described below. 

1. Collected data is downloaded from data logger or input to main computer from 

recorded field notes, and processed. Data is then plotted and may be contoured. 

2. Comparing the results of all plots, contrasts in conductivity may indicate the presence 

of subsurface anomalies. 

3. Using available borehole information and any other existing geophysical data as a 

reference, develop a subsurface conductivity model that is consistent with all available 

data. 

GROUND PFBJZIXUTING RADAR 

Introduction 

Ground penetrating radar (GPR) has been used for mapping shallow geologic interfaces, delineating 

shallow bedrock, locating voids in concrete or limestone, and finding buried pipeline or 

reinforcement bars. 

(401 l-REV)(GTl8REV.l)(05'/I 1 /91) 
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GPR involves a system that transmits electromagnetic pulses into the ground from an antenna near 

the surface. These pulses are reflected from a variety of subsurface interfaces back to a receiver. 

As the antenna is towed along a survey line, the GPR signals are processed and displayed on a 

graphic recorder. The displayed data is a two-dimensional continuous profile along the surveyed 

line, depicting time versus distance. The display is very similar to a geologic section, except that 

the record is a time section rather than a depth section. 

GPR has excellent resolution of subsurface features when favorable conditions exist. However, 

actual depth penetration is highly site-specific and depends on the near-surface soil conductivity. 

Highly conductive soils, such as clays, can reduce penetration to less than three feet. Less 

conductive materials, such as limestone, will allow depth penetration of 30-50 feet. 

5-22 

5221 

Survey Design 

List of Neessary Ea uiument 

The following is a list of equipment that will be necessary to complete a GPR survey: . 

GSSI SIR System-3 or equivalent digitally equipped radar system 

Flagging 

Lath or wooden stakes 

Field notebook 

Pens with nonwater-soluble ink 

(401 I-REV)(GTl6REv.l)(~/11/91) 
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Measuring tape (200 feet minimum) (note: a measuring wheel can be substituted for 

relatively smooth surfaces) 

Extra paper for profile recorder 

Extra stylus(s) for profile recorder 

5.2.2.2 Field Procedures 

A standard field procedure for collecting GPR data is uscribed below. Prior to GPR data 

collection, two preliminary procedures must be conducted. These are: 

Design appropriate field parameters, given the purpose of the survey (orientation of 

lines or grid, grid spacing, frequency of antenna, necessity of antenna shielding, etc.) 

Survey in line endpoints and mark these locations in field with lath or wooden stakes. 

Transfer line locations to correct position on base maps. 

Design of appropriate field parameters must consider the following: 

. 

The antenna and associated transmitter frequency used must optimize the penetration 

depth and required resolution -given the survey purpose. Typical frequencies are 80 

Mhz, 100 Mhz, 120 Mhz, 300 Mhz, 500 Mhz, and loo0 Mhz. Higher frequency 

antennas allow greater subsurface resolution, but penetration is reduced over that of 

lower frequencies. Surveys should be designed to have a minimum of two antenna 

frequencies available, to optimize results. 

I (40ll-REV)(GTl8REV.l)(lW/11/91) 
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For grid areas, intraline spacing affects resolution; a spacing of 3 to 50 feet is 

commonly used. Actual spacing must weigh resolution required. 

Method of antenna towing must be evaluated given the site conditions. For smooth 

surfaces or terrain, the antenna can be towed directly on the surface. For areas with 

significant vegetation or surface stones and rocks, the antenna may need to be 

suspended 6-18 inches above the ground or carried in a plastic non-conductive wagon, 

to prevent antenna damage and potentially dubious GPR data collection. 

Antenna shielding should be considered and designed to handle the field conditions. 

Surface features such as fences, powerlines, trees, etc. can appear as prominent 

reflections on the GPR record. 

A standard field procedure for conducting a GPR survey is described below. 

1. Perform a visual survey along the proposed limes. The visual survey will include a 

review of site utility plans; check for overhead wires; check for manhole covers, buried 

cables, buried gas lime indicators, or cased monitor wells; and have site locators 

confirm the presence of any possible telephone and utility features. Note features in 

field notebook. 

2. Note excessive amounts or large pieces of metal on the ground surface in field 

notebook. 

3. Note large nearby variations in topography or buildings (within 50 feet) in notebook. 

4. Note moisture content of soil, alluvium, or investigated media, as well as relative clay 

content, as these could significantly affect the penetration depths. 

(401 l-REV)(GTlSREV.l)(CQ/lI /91) 
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5. Conduct a test line using manufacturer’s procedures. Instrument settings must be 

optimized to obtain appropriate data given project goals. Specific recording 

parameters that must be o p t i m i i  include, but are not limited to, the following: 

0 Radar scan speed 
0 Signal range gain 

0 Time range for recording 
0 Transmitter pulse rate 
0 Recording printer speed 
0 Antenna towing speed 

0 High and low pass fiter settings 

Instrument settings should be varied during the test line to determine the optimum 

recording parameters. When possible, the test line should be conducted over a known 

buried feature in the survey area to help instrument setting optimization, and help 

calibrate penetration depths. 

6.  Initiate site survey traverse. Beginning at GPR line endpoint, tow antenna along line 

with appropriate speed determined from test l i e ,  and using optimum instrument 

settings determined from test line. Continue above procedure for entire line and 

subsequent grid lines. 

7. If hard copies of each line of data from printer are made, label all notations on the 

record to correspond to notes made in the field notebook, including recording 

parameters. 

8. Permanent copies of this GPR data must be retained digitally on tape or disk, or on 

hard copy plots. 
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52.3 

53 

53.1 

Data Reduction and Interpretation 

Data reduction of GPR data is limited. Most of GPR data processing occurs with the various 

instrument settings during recording. 

Interpretation must consider all potential sources of a GPR anomaly, including interfering 

reflections from both surface and subsurface cultural features, and draw upon the interpreter’s GPR 

experience. Using site surface data, available borehole information (should it exist), or any other 

existing geophysical data, develop a subsurface model that is consistent with all available data. 

SELF-POTENTIAL 

Introduction 

Self-potential (SP) surveys allow the measurement of ambient voltages and voltage variations within 

the ground. These small voltages are generated by subsurface fluid, heat or ion flow. For 

engineering or environmental applications, recording these voltage variations and resulting SP 

anomaly allows delineation of fluid flow in the vicinity of dams, reservoirs, wells, faults, or lined 

ponds, and in some cases subsurface contamination. Thus, SP methods are useful in evaluating the 

integrity of engineered structures with regard to potential leaking of fluids. 

i 

The method simply involves recording the ambient voltage generated by subsurface currents 

between two electrode locations connected by a wire to a millivoltmeter. In practice there are 

restrictions on the electrodes and voltmeter which are critical to survey success. Electrodes used 

must be nonpolarizing to reduce or eliminate spurious potential generated at the electrode-ground 

contact. This is achieved by using an electrode metal immersed in a saturated solution of its own 

salt, such as copper in copper-sulfate solution. The millivoltmeter must have an input impedance 
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sufficiently large to prevent significant current to be drawn from the ground during measurement. 

This is achieved by using a d. c. millivoltmeter with input impedance greater than lo8 ohms. 

Although the equipment and field procedures used for SP surveys are relatively simple, considerable 

care and effort are required for high-quality results. Data must be reproducible, sources of noise 

must be recognized, and appropriate data reduction methods are necessary to correct for electrode 

drift and polarization. Interpretation of SP data must be carried out by experienced personnel who 

are cognizant of all potential anomaly sources. 

In engineering applications, SP anomalies of interest are usually generated by flows of fluid or ions 

through a porous medium such as rock or soil. The fields generated by fluid are electrokinetic (or 

streaming) potentials, and those generated by ionic flow are electrochemical potentials. The 

amplitude of SP fields generated by fluid flow in engineering targets may exceed loo0 millivolts 

(mv), although magnitudes of tens to hundreds of mv are more common. SP fields generated by 

ionic flow related to artificial sources, such as buried metal or pipelines, tend to be relatively large 

and easy to detect. Fields generated by ionic flow due to contaminant plumes tend to be small in 

amplitude and may be difficult to detect. SP anomaly interpretation must consider all potential 

natural and manmade causes, whose anomalies are usually superimposed on the target anomaly. 

The use of magnetic and/or electromagnetic measurements in conjunction with SP data can be very 

helpful in recognizing sources of SP noise due to buried metallic objects. 

The procedures outlined below are for SP surveys being conducted along the ground or engineered 

structure surface. It does not specifically address procedures that may be employed for conducting 

SP surveys in ponds or fluid containment structures. Although the basic principles and procedures 

are the same, some survey logistical features must be designed on a project basis for conducting SP 

surveys in a body of fluid. 

(401 l-REV)(GTI8REV.l)(09/11/91) 
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532 SurveyDesigo 

5321 LktofNecessarvEa ubment 

The following is a list of equipment that will be necessary to complete an SP survey; 

High impedance (10' ohms or greater) D.C. millivoltmeter (e.g. fluke model 8020A) 

Minimum of five SP electrodes. Copper-copper sulfate electrodes have been 

documented as most stable for engineering applications. Use Tinker and Rasor Model 

6B electrodes (or equivalent). Use of electrodes with different metal components will 

be discussed and approved by EG&G personnel 

Two reels with connector plugs and a minimum 500 linear feet of small diameter (20 

gauge) solid wire. (required wire length is dependent on survey grid size; for some 

surveys, more wire per reel may be necessary). 

One quart saturated copper-sulfate solution 

Wood stakes or lath 

=- Garden tool sufficient to produk 3-10 inch small hole for electrode emplacement. 

Measuring tape (200 feet minimum) (note: a measuring wheel can be substituted for 

survey areas with smooth surfaces) 

Field notebook 

(401 1-REV)(GTlSREV.l)(09/11/91) 
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Pens with nonwater-soluble ink 

Form GT.184 Self-Potentid Survey Data Form (see Section 7.0, Documentation) 

5 3 2 2  Field Procedures 

A standard field procedure for conducting an SP survey is described below. Prior to SP data 

collection, two preliminary procedures must be conducted. These are: 

Design appropriate field parameters, given the purpose of the survey (coverage of 

survey area, station spacing, surface soil conditions, position of base electrode, etc.) 

Survey line endpoints and mark these locations in field with lath or wooden stakes. 

Mark all remaining station locations based on predetermined grid with identifiable 

marker (such as lath or wooden stakes). 

Design of appropriate field parameters must consider with following: 

The SP survey is conducted in a series of short loops from a f led base station. Each 

loop is initiated with a base station reading, followed by SP reading at a number of 

stations along a predetermined grid, and concluded by a final base reading. Duration 

of each SP loop should be no more than 35 - 50 minutes. Loops of this duration 

reduce uncertainties in drift corrections (discussed below). 

Base station location must be chosen at site where conditions are unlikely to change 

during the survey period, and where background noise is a minimum. 

(-201 l-REV)(GT18REV.l)(lW/l1/91) 
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Spacing between stations determines the degree of resolution achievable; a spacing of 

5 to 50 feet is commonly used. However, for small near-surface targets, spacing may 

be as small as 1 foot. Actual chosen station spacing must be determined by resolution 

required and overall survey objectives. 

Definition of an SP anomaly requires three or more anomalous readings. 

Topography effects can produce SP anomalies which are superimposed on target 

anomalies. Survey must be designed to allow determination of the topographical 

effects. 

SP readings are effected by natural fluctuation of the earth's magnetic field and telluric 

currents. Design must consider their potential effect. Effects of these fluctuations are 

removed by making electrodes drift corrections relative to a futed base location. On 

occasion, large solar magnetic storms will make SP data collection difficult or 

impossible. 

Background noise caused by cultural interference, such as overhead or buried 

powerlines and steel-cased monitor wells, must be evaluated and/or estimated to 

assess their possible effect on an SP survey. High noise levels can make interpretation 

difficult and can cause significant anomalies to be overlooked and, in some instances, 

can make data collection and interpretation impossible. Actual background noise must 

be considered both when collecting and interpreting the SP data. 
. 

A standard field procedure for conducting an SP survey is described below. 

1. Record initial site information on Form GT.18A. 

(401 l-RN)(GTlSREV.l)(oJ/11/91) 
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2. Perform a visual survey along the proposed lines. The visual survey will include a 

review of site utility plans; check for overhead wires; check for manhole covers, buried 

cables, buried gas line indicators, or cased monitor wells; and have site locators 

confirm and presence of any possible telephone and utility features. Note features on 

Form GT.18A. 

3. Note excessive amounts or large pieces of metal on the ground surface on Form 

GT.18A. 

4. Note large nearby variations in topography or buildings (within 50 feet) on Form 

GT.18A. 

5. Note moisture content of soil, alluvium, or investigated media, as well as relative clay 

content, as these could effect the electrode contact resistance. 

6.  Ensure that all electrodes are filled with saturated metal solution (for copper 

electrodes, use copper-sulfate solution). 

7. Measure and record reel wire resistance (infinite reading indicates open wire). 

8. . Measure resistance between reel frame and end of wire for short circuits. If short is 

. present, repair or do not allow-reel to contact ground during readings. 

9. Measure and record voltage between electrode pairs in copper sulfate bath. These will 

be used for drift corrections. Measurements should be made on millivoltmeter range 

having minimum 1.0 mv resolution. 

I (4011-REV)(GTI8REV.I)(09/11/91) 
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10. Install base electrode at base location ensuring good coupling between ground and 

porous electrode tip. Tie off end of reel wire and attach to base electrode terminal. 

Place sun shade over base electrode. 

11. Install measuring electrode next to base station (within an inch or two), ensuring good 

ground coupling. Connect positive lead of meter to measuring electrode and negative 

lead to connection on reel, and make SP reading for initial polarization of base and 

measuring electrode. This measurement will be used as a basis for electrode drift 

correction for SP loops. 

12. For SP station, dig small hole to moist soil below surface layer and insert measuring 

electrode ensuring good soil contact. Connect positive lead of meter to measuring 

electrode and negative lead to connector on reel.. Shade electrode from sun. 

13. Make SP reading by reading potential on millivoltmeter for 10-20 seconds to check for 

drift or telluric fluctuations. Obtain stable average. Record final value in mV with 

proper polarity. Briefly measure and record contact resistance between electrodes 

using appropriate kilo-ohms range of multimeter. 

14. Move to next station and repeat steps 10-12. 

15. After completing survey loop, or an elapsed time of 35 - 50 minutes, return to base 

station and make base reading measurement for electrode drift correction. 

Periodically throughout the day, re-measure polarization between electrodes tin copper 

sulfate bath during base ties. 

16. Record all measurements and comments on Form GT.18A. 

(401 I-REV)(GllSREV.I)(09/11/91) 
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533 Data ProcesSing and Interpretation 

SP data reduction must eliminate all electrode d r i i  associated with telluric currents, temperature 

effects and background noise. Drift corrections are made to the measuring electrode relative to the 

base electrode, which is assumed fixed. If a value has been predetermined for the base, this "tie-in" 

correction must be included in the final corrected SP value for each measured station. 

Most interpretation of SP data is performed qualitatively, involving preparation of data profdes, and 

contour maps, and assessing the resulting anomalies. Experienced interpretation considers all 

potential sources of a given SP anomaly and assesses whether or not the anomaly is characteristic 

of the suspected target anomaly. 

More sophisticated interpretation techniques can be employed, particularly when corroborative 

information exists, such as boring data or data from the geophysical methods. These other 

techniques include geometric and analytical modeling. The use of these techniques must be 

evaluated on a project basis, with discussion and approval of their merit by EG&G personnel. 

6.0 DECONTAMINATION 

Personnel involved with surface geophysical surveys will follow all decontamination procedures as 

outlined in the Health and Safety Plan. Geophysical equipment which has been in contact with 

potential!y contaminated ground surfaces win be decontaminated according to procedures outlined 

in SOP F0.3, General Equipment Decontamination, as well as any appropriate procedures specified 

in the Health and Safety Plan. 

(401 l-REV)(GTlSREV.l)(09/11/91) 
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7.0 DOCUMENTATION 

A permanent record of 1-e implementation of this standard operating procedure will be kept by 

documenting field observations and data. The date of the manufacturer’s most recent calibration 

and certification will be documented, if this information is available. Observations and data will be 

recorded with black waterproof ink in a bound weatherproof field notebook with consecutively 

numbered pages. Documentation of completed decontamination activities should similarly be noted. 

When conducting SP surveys, data and observations will be documented on the Self-potential Survey 

Data Form (Form GT.18A). 

(401 I-REW)(GTI8REV.1)(09/11/91) 
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2.0 PURPOSE AND SCOPE 

This standard operating procedure (SOP) describes procedures that will be used at Rocky Flats to 

define the standard operating procedure for the use of field gas chromatographs (GCs). These 

instruments are used in the identification and quantitation of volatile organic compounds. 

Level I and level I1 analyses are defined as field screening/analytical methods which utilize 

equipment amenable to the rigors of field conditions, and are located at or near the sampling site. 

Level I analytical support is typically defined as field screening, with the objective of generating data 

which will generally be used (for example during Phase 1 investigations), in refining sampling plans 

and determining the extent of contamination. A second objective of Level I analyses is to conserve 

other analytical support resources. 

Level I analyses are generally effective for total Volatile Organic Compound (VOC) vapor readings 

using portable photoionization or flame ionization detectors (PID or FID). Detection is typically 

limited to volatile compounds. These types of analyses provide data for on-site, real-time total 

vapor measurements, evaluation of existing conditions, sample location optimization, extent of 

contamination, and health and safety evaluations. Data generated from Level I analyses are 

considered qualitative in nature although semi-quantitative and/or quantitative data can be 

generated, for example, by using the GC option of an FID, .with sufficient calibration. Data 

generated from Level I analyses provide the following: 

- _  

I 

Identification of soil, water, air and waste locations which have a high likelihood 

of showing contamination through subsequent analysis; 

Real-time data to be used for health and safety considerations during site 

investigations; 
I 

(401 l-REv-oa32)(G119REv.1)(0J/11/91) 
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0 Qualitative data relative to a primary calibration standard if the contaminants 

b e i i  measured are unknown; 

e Quantitative data if a contaminant is known and the instrument is calibrated to 

that substance; and 

0 Presence or absence of contamination. 

Level I1 analytical support is designed to provide real-time data for ongoing field activities or when 

initial data will provide the basis for seeking laboratory analytical support. As such, Level I1 

analytical methods can be effectively utilized when a phased approach is used for field sampling. 

There have also been a significant number of instances where data derived from Level I1 support 

have been used to make decisions about site disposition. 

Level I1 analyses are used for on-site, real-time baseline data development, extent of contamination 

and remedial activities and generally provide rapidly available data for a variety of activities 

including hydrological investigations (establish depth/concentration profiles); extent of contaminant 

determination including special activities .such as vadose zone sampling; cleanup operations 

(determine extent of contaminated soil excavation), and health and safety considerations. 

Typically, a gas chromatograph and more sophisticated instruments operated in the field provide 

the bulk of the analytical support at this level. The ability to assess the data quality (accuracy and 

precision) is dependent upon the QA/QC steps taken in the process, including documentation of 

blank injections, calibration standard runs, and runs of standards between samples, sample 

duplicates, and performance evaluation standards. 

(401 l-REVaCa2)(Cn9REV.l)(09/11/91) 
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The level of precision and accuracy that can be achieved by a specific Level I or I1 analysis varies 

as a function of numerous factors including the matrix and contaminant(s) being sampled, and the 

skill of the analyst doing the work. 

3.0 QUALIFICATIONS 

Only qualified personnel will be allowed to operate gas chromatographs (GCs). Required 

qualifications vary depending on the activity to be performed. In general, qualifications will be 

based on education, previous experience, and supervision by qualified personnel. The 

subcontractor’s project manager will document personnel qualifications related to this procedure 

in the subcontractor’s project QA files. 

Operation of the gas chromatograph will be performed in accordance with the manufacturer’s 

instructions. Personnel performing gas chromatography will receive training from a factory 

representative or a local area instructor certified by the manufacturer to administer training. 

4.0 REFERENCES 

4.1 SOURCE REFERENCES 

The following is a list of references reviewed prior to the writing of this procedure: 

Field Screening Methods Catalog: User’s Guide. EPA/540/2-88/005. September 1988. 

Chapman, H. and Clay, P., Field Investigation Team (FIT) Screening Methods and Mobile 

Laboratories Comdementarv to Contract Laboratory Program (CLP), TDD HQ-8507-01, October 

17, 1986. (Draft). 

(401 l-REV-0032)(clr9RN.1)(09/11/91) 
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Clark, A.E., Lataille, M. and Taylor, E.L., The Use of a Portable PID Gas ChromatograDh for 

RaDid Screeninrr of SamDles for Pureeable Organic ComDounds in the Field and in the Lab, U.S. 

EPA Region I Laboratory, June 29,1983. 
\ 

Morin, S.O., DeveloDment and ADDlication of an Analvtical Screening Propram to Superfund 

Activities, Management of Uncontrolled Hazardous Waste Sites, Washington, D.C. November 4-6, 

1985. 

INTERNAL REFERENCES 

The related SOP cross-referenced in this SOP is: 

0 SOP F0.3, General Equipment Decontamination 

PROCEDURES AND EQUIPMENT 

Eauipment List 

0 Portable gas chromatograph with appropriate detector and accessories 
0 Chromatographic column(s) (project specific)’ 

0 Vendor-supplied calibration standards (certified) and appropriate internal 
. .  

standards 
0 Glassware (project specific), including proper syringes 

Microprocessor and/or strip chart recorder with appropriate accessories and 

High purity specialty gases (project specific) 

0 

supplies (project specific) 
0 

Second column confirmation (dissimilar columns) if specified in Data Quality Objectives (DQOs). 

(401 1-REVoCa2)(C3l9REV.1)(09/11/91) 
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Field log book 
Instrument manufacturer’s operation manual 

All analyses shall be performed utilizing a field-area portable gas chromatograph (GC). A 

chromatographic column shall be utilized which separates target compounds. An internal standard 

will be added to each sample being analyzed on the GC (including calibration standards) to ensure 

proper instrument performance. 

Prior to the start of analysis on each day, the GC shall be calibrated through the injection of 

commercially-available stock standards, and/or appropriate dilution of traceable stock standards. 

This calibration (Initial Calibration) will, at a minimum, consist of the analysis of three standards 

with known concentrations. The lowest concentration standard shall be at the required quantitation 

limit, the highest concentration standard shall be within the linear response of the instrument, and 

the middle concentration standard shall be approximately midway between these two. A linear 

regression of the concentration of the standard against the chromatographic peak area shall be 

performed. The correlation coefficient must be greater than 0.995. 

The GC calibration must be verified after every 10 sample analyses throughout the day. Verification 

is accomplished through analysis of the mid-range concentration standard. If the measured 

concentration differs from the concentration in the standard by more than l5%, the G C  must be 

recalibrated using the initial calibration procedures above. .. 

Samples are analyzed by injecting the same volume of sample into the gas chromatograph as was 

utilized during the calibration analyses. Target compound concentrations in the sample will be 

quantified using the average response factor calculated from the initial calibration. All sample 

analysis values must be less than the highest concentration calibration standard. If a sample is 

analyzed containing a higher concentration than the highest standard, this sample must be rerun 

after dilution (alternatively, a smaller sample may be injected). 

(401 I-REV-C1l32)(GTl9IGV.1)(0!2/11/91) 
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Specific analytical methods and calibration procedures, standards concentrations, detectors, 

temperature programs, etc. are dependent on the method of analysis and analytes of interest. 

Specific analytical methods and procedures will be detailed in applicable project work plans. 

Data Verification and Reporting 

Data obtained from the use of the portable GC will be verified by qualified EG&G or subcontractor 

personnel. Verification will include a review of the following specific parameters: 

0 GC performance and calibration, including initial and continuing calibrations 

Qualitative and quantitative identification of analytes including recalculation from 

Analysis of field duplicates, field and method blanks, and spikes 

Referee laboratory (outside) duplicate analyses (if required) 

Duplicate analysis of field samples by on-site GC operator 

0 

raw data of at least 15 percent of all sample data 
0 

0 

0 

A checklist used for data verification is included as Form GT.19A. 

6.0 DECONTAMINATION 

Field gas chromatographs will be set up in the field site support zone in order to avoid 

contamination. Field sample containers will be decontaminated in accordance with SOP F0.3, 

General Equipment Decontamination, prior to movement into the support zone and analysis using 

the field chromatograph. Additional equipment used during sample analysis will also be 

decontaminated in accordance with SOP F0.3, General Equipment Decontamination. 
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7.0 QUALITY ASSURANCE/QUALITY CONTROL 

Quality Assurance (QA) and Quality Control (QC) activities will be accomplished according to the 

Quality Assurance Project Plan (QAPjP) and the project specific Quality Assurance Addendum 

(QAA). 

In addition to adhering to the requirements of the site-specific Field Sampling Plan (FSP) and any 

supplementary site-specific procedures, the minimum QA/QC requirements for this sampling 

activity are the following: 

QC Samples -- The number and types of QC samples including duplicate samples, 

field blanks, equipment blanks, trip blanks, and other samples will be collected or 

prepared as specified in the QAA. 

0 Verification -- Verification activities are required for the above practices, including 

surveillance and periodic record audits. These activities will be documented and 

become part of the completed project records. 

7.1 QA/QC SAMPLES FOR FIELD GC ANALYSIS 

Frequency of calibration, method blanks, replicates, etc., are dependent upon project Data Quality 

Objectives (DQOS), and must be addressed in the project-specific Quality Assurance Addendum 

( Q W .  

Daily calibration and operational checks are required to ensure that the instrument is functioning 

properly. Manufacturer's calibration instructions must be accomplished prior to daily use, and 

calibration must be confirmed at the end of each day. The manufacturer's instrument operation 

manual will be present on site at all times. 

(401 l-REV4032)(GTl9REV.l)(03/11/91) 
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8.0 DOCUMENTATION 
. .  

The field documentation requirements for the field sampler will include recording all observations 

made during the analysis that could affect the quality of the analysis. The documentation for this 

analysis should be entered in a field notebook with consecutively numbered pages with locations 

identified on a sample location map. 

Field documentation should include at a minimum: 

0 Date of sample collection 

0 Time of sample collection 

0 Sample number 

Unusual sampling conditions 

0 Location of the sample collected 

0 Problems encountered while obtaining the sample 

Each entry (or page) in the field notebook should be dated and initialed by the 0 

individual making the entry 

(401 1-RWw32)(GT19REv.I)(05/11/91) 
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DATA VERIFICATION CHECKLIST FOR 
GAS CHROMATOGRAPHIC ANALYSES 

DATE 
SAMPLES ANALYZED THIS DATE 

ANALYST 
DATA VERIFIED BY 

Answer Y = Yes; N = No where appropriate Y/N 

11. 

I. Calibration 
A. 
B. 
C. 

Was a 3-point calibration made at the start of the day? 
Was the correlation coefficient greater than 0.995? 
Was the GC calibration verified every 10 samples? 
What standard was utilized for calibration verification? 
Did the measured concentration differ by more than 15%? 
If yes, was GC re-calibrated? 

Was a method blank run immediately following the initial 
calibration and prior to any samples? 
Was any blank contamination present? 
If yes, what was source of contamination and how was 
problem rectified? 

Blanks 
A. 

B. 

~~ 

C. Were any field blanks run? 
Any contamination present? 

- .  

111. Sample Documentation 
A. Were samples received in good condition? 

If no, explain 

B. Were sample labels properly filled out? 
If no, explain 

IV. Sample Analysis 
A. Were samples analyzed WITHIN required holding time? . 

If no, explain 

(401 1 -RWM)32)(GTloRN.I)(OJ/lI /91) 
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a 

B. Were any problems encountered during analysis? 
If yes, explain 

C.  Were target analytes detected above action level specified in DQOs? 
If yes, was identification & quantitation confirmed or 
second GC column if specified in DQOs? 
Reference 

D. Were duplicates analyzed? 
If yes, what types 

What was the relative percent difference (%RPD) between 
duplicates? 

E. Were any spike samples analyzed? 
What was result versus "true" concentration? 

F. Were any computation/transcription errors noted? 
If yes, explain 

G. Overall assessment? 

Analyst Date 

Data Verified By Date 

(401 I -REvW32)(GT19REv,l)(~/ll/91) 
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2.0 

3.0 

4.0 

4.1 

PURPOSE AND SCOPE 

This standard operating procedure (SOP) describes procedures that will be used at Rocky Flats 
Plant (RFP) to install and sample soil interstitial water samplers, to set up telemetry equipment, 

and to construct and operate a rain simulator. The SOP is divided into five primary sections: 

Installation of Tension Soil Solution Samplers and Installation of Zero-Tension Samplers, 

Construction and Operation of a Rain Simulator, Installation of Data Acquisition and Telemetry 

Equipment, and Collection of Interstitial Waters. 

The soil moisture samplers will be installed into the side wall of soil pits excavated by a backhoe 

(see SOP GT.7, Logging and Sampling of Test Pits and Trenches, for excavation, sampling, 

b a c k f i i  and decontamination procedures). All activities will be conducted in accordance with 

the Health and Safety Plan (HSP) that will be developed for these activities. 

RESPONSIBILITIES AND QUALIFICATIONS 

Personnel installing equipment and performing sampling will be geologists, geotechnical engineers, 

or field technicians with an appropriate amount of applicable field experience or on-the-job training 

under the supervision of a qualified person. 

REFERENCES 

SOURCE REFERENCES 

The following is a list of references reviewed prior to the writing of this procedure: 

Ghodrati, M., F.F. Ernest Wajury. 1990. "Automated Spray System for Application of Solutes to 

Small Field Plots". Soil Science Society of Am Journal. Vol. 54. pp. 287-290. 

(4011-REV-OJ33)(CnoREV.1)(~1) (S33pm) 
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Litaor, M.I. 1988. "Review of Soil Solution Samplers". Water Resources Research. Volume 24. 

pp. 728-733. 

Rhoades, J.D. and J.D. Oster. 1986. Solute Content. A. Klute, ed. "Methods of Soil Analysis 

Agronomy. Vol. 9, Part 1. Soil Sci .  Soc. of Am. 2nd ed. Madison, Wisconsin. pp. 985-1004.990. 

4.2 INTERNAL REFERENCES 

Related SOPS cross-referenced by this SOP are: 

0 SOP FO3, General Equipment Decontamination 

SOP F0.4, Heavy Equipment Decontamination 

SOP FO.l.3, Containerizing, Preserving, Handling, and Shipping of Soil and Water 

Samples 

SOP GW5, Field Measurement of Groundwater Field Parameters 

SOP GT.7, Logging and Sampling of Test Pits and Trenches 

0 

0 

0 

e SOP GW.6, Groundwater Sampling 

0 

5.0 INSTALLATION OF TENSION SOIL SOLUTION SAMPLERS 

Tension soil solution samplers consist of a hollow, porous section made of PTFE (Teflon@) 

embedded with a silica which is attached to a sample vessel. Water samples are obtained by 

applying suction to the sampler that draws interstitial waters into the sample vessel. There are no 

maintenance requirements for the soil water samplers except protecting the access tubes from 

physical damage. 

(401 l-RWoo3j)(cnORW.l)(osoc91) ( * a m )  
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5.1 MATERIALS AND EQUIPMENT 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Teflon@ soil water sampler 

Portable pump 

Collecting bottles 

Polyethylene tube (50 m) 

Thermo box 

Relay (200 VDC 20 amps; 3-30 VDC) 
Time Domain Reflectometry Probes 

Plastic Bags 

Stainless Steel Trowel 

2-mm sieve and bottom pan 

Stainless Steel Mixing Rod 

Mixing Bowl 

Distilled Water 

Stainless Steel Trowel 

5.2 PROCEDURES 

52.1 Preinstallation 

The following steps will be performed prior to the installation of the tension soil solution samplers: 

0 The soil solution samplers, collection bottles, and connecting tubes have to be 

cleaned before installation. The cleaning procedure is performed in acid and 

distilled water baths. Connect the soil solution samplers to a pump and pass 

approximately 200 mL of 0.1 HCl through the porous section of the sampler. 
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e Hush distilled water through the porous section to clean the sampler from acid 

residue. The flushing process continues until the specific conductance of the 

outflowing water is within 2 percent of the inflowing water. 

e During the cleaning operation, the porous section and fitting of individual samplers 

will be checked for leaks and faulty seals. This will be accomplished by setting a 

vacuum in each sampler and observing if the vacuum is maintained over a 30- 

minute interval. 

e After cleaning, the samplers will be placed in a clean plastic bag to prevent 

contamination during transport to the field. 

e Upon arrival at the installation location, and immediately prior to installation, the 

porous section of the sampler will be placed in distilled water for about 30 minutes 

to saturate the sampler. 

522 Installation 

The goals of installation are to ensure good hydraulic contact between the sampler and the soil, and 

to minimize leakage of waters along the outside of the sampler. The following steps will be 

performed to correctly install the tension soil solution samplers and the time domain reflectometry 

(TDR) probes: 

e Excavate a soil pit to the desired depth of the sampling interval. 

e The soil solution samplers will be installed into the side wall of the soil pits. 

(401 I - R w 4 a t j ) ( o r P R E V . l ) ( ~ l )  (5-m) 
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0 

0 

Using a stainless steel trowel, excavate a tunnel into the side wall of the soil pit 

at the location where the soil solution sampler will be installed. The tunnel will 

be approximately 10 un in length and 5 an in width. 

Sieve the soil from the excavated tunnel with a 2-mm sieve. 

After the tunnel has been excavated, mix a portion of the sieved excavated soil 

from the tunnel with water to make a slurry that has the consistency of cement 

mortar. 

Pour the slurry into the tunnel and push the soil water sampler into the tunnel so 

that the porous segment of the soil solution sampler is completely embedded in 

the soil slurry. 

Backfill the remaining area of the tunnel around the soil solution sampler with the 

same soil material that was originally excavated from the tunnel. 

Bring the free end of the recovery tube to the ground surface. Place the free end 

into a collection vessel, which resides inside a thermo box 

The soil moisture content will be measured by TDR. The application of an 

automated TDR system in the soil environment has been recently tested by 

Campbell Scientific, Inc. This system consists of a Tektronix 1502B cable tester 

that is coupled with a CRlO data logger and multiplexers to provide an automated, 

multiple-probe TDR soil moisture measurements. The installation of this TDR 

system will be performed following the manufacturer’s instructions. 

(4O11-REV4cm)(~REV.l)(opo(.91) (533pm) 
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0 Connect all the wires (e.g., data logger, pump, relay, and TDR) and test 

communication. Also see Section 8.0 for the telemetry layout. 

0 Backfill and compact the soil pit with the native soil. 

6.0 INSTALLATION OF ZERO-TENSION SAMPLERS 

Soil interstitial waters, in excess of field capacity, are free to drain through soil (mostly through 

macropores) under the influence of gravity. A zero-tension sampler consists of a collection trough 

that is placed at depth in the soil to collect interstitial water samples. The zero-tension sampler is 

made of Plexiglas of varying dimensions, which depending on field conditions (e.g., varying clay or 

cobble content) will be driven into the side of the soil pits. If excessive coarse grain soils are 

encountered, the zero-tension sampler may not be able to be installed at a particular location. In 

each zero tension sampler, the water drains from the collection trough to a collection bottle, which 

sits on a load cell. This water will be brought to the surface periodically through a suction line by 

the use of a hand-held vacuum pump. The suction line is made of polyethylene tubing. 

6.1 MATERIALS AND EQUIPMENT 

MATERIALS 

Plexiglas of varying dimensions 
(for constructing zero-tension 
samplers and sample bottle 
enclosures) 

Plexiglas clear thickened cement 

Epoxy glue 

Vacuum hand-held pump 

Wooden pad 

Mallet 

DIMENSIONS 

25cmx45cm 
25cmx35cm 
25cmx25cm 
25cmx 5 c m  

# 33 

OUnCe 

10 cm x 10 cm x 3  cm 

QUANTITY PER SAMPLER 

4 
1 
1 
3 

1 

1 

1 

(4011-REvoaD) (mREv.1 ) (~1 )  (S*) . 
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MATERIALS DIMENSIONS QUANTITY PER SAMPLER 

Bottles and caps for collection of 1* 
water (1 & 2 liters) 

Bottle base made of PVC 1* 

Load cell SPI-3 1* 

Polyethylene tubes 

Access tubes of various sizes 
(PVC) with caps 

Temperature probes 10 

1 

40 cm long 

May rcguk lar than one ifrcvcnl nmpkrs M mnneaed toone kud all 

62 PROCEDURES 

62.1 Installation 

The following steps will be performed to ensure proper installation of the zero-tension samplers: 

b The zero-tension sampler will be made of four segments of plexiglass: a base unit 

(25 cm width x 25 cm length) and three side units (25 cm x 5 cm) (see Figure 

GT.20-1). 

b Sharpen the open end of the zero-tension sampler with a fde to facilitate easy 
installation. 

b Drill a hole (15-cm inner diameter) in the base of the zero-tension sampler, 

approximately 2 cm from the exposed end of the trough. 
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FIGURE GT.20-1 

OPEN ENDED 
(SHARPENED EDGE) 

DRAINING TUBE / TEMPERATURE 
PROBE WIRE 

SAMPLE ' 

BOTTLE /- 

PAD 

(4Oll-RW~)(~J)(Opo(.91) 
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0 Insert one end of a polyethylene draining tube (approximately 40 cm long) inside 

the hole. Use an Epoxy superglue to make the attachment permanent. Make sure 

that the inserted end of the tube will be flush with the body of the sampler. 

0 Dig a test soil pit. to the desired depth for the sampler installation. 

I 0 The zero-tension sampler will be placed in the side wall of the soil test pit at an 

angle so that the exposed end slopes gently (approximately So) toward the bottom 

soil pit. 

0 The sharp end of the sampler will be driven into the pit face with a mallet in a 

manner so that there is minimal structural and texhwal disturbance to the soil. 

Drive the sampler until the face of the pit is approximately 1 cm from the draining 

tube. 

0 Any voids above or below the zero-tension sampler should be fded with soil. 

0 The water sampled by each zero-tension sampler will be collected in a 1-liter 

sample bottle mounted on a load cell (A load cell is an electronic sensor). 

0 Place a sample bottle inside a threaded PVC base and screw the base into the 

loading surface of the load cell. 

0 Mount the load cell on a wooden pad (10 em length x 10 cm width x 3 cm thick) 

with the bolt provided with the load cell. 

(401 I-REVUt33)(G12oRev.I)(hW4-91) (9-m) 
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0 

0 

0 

Construct an enclosure made of plexiglass (45 cm height x 25 cm width x 25 cm 

length) to house the load cell and mounted bottle. Drill a hole in the top of the 

enclosure to facilitate an entrance to the access tube. 

Drill three holes 3 cm apart in the bottle cap to accommodate the insertion of a 

draining tube, a recovery tube, and a temperature probe. 

Drill three holes 3 cm apart in the top of the plexiglass enclosure to accommodate 

the insertion of a draining tube, recovery tube, and temperature probe. 

Place a draining tube, a recovery tube, and a temperature probe through the cap 

and inside the sample bottle. 

Firmly close the caps. 

Place the draining tube, recovery tube, and temperature probe through the holes 

in the top at the enclosure. The free end of the recovery tubes will be brought to 

the ground surface prior to b a c k f i i  and will not be buried. 

Place the enclosure above the load cell and mounted bottle inside the soil pit. 

Connect all the wires (ie., load cell, temperature probes, and data logger) and test 

communication. 

Calibrate the load cell reading with known amount of water added to the bottle 

via a graduated cylinder. 

The zero-tension soil solution samplers will be placed every 10-15 cm down the 

soil column to the depth of the caliche horizon or other semi-impermeable layer. 
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7.0 

7.1 

0 All the enclosures will be covered with the soil removed during the excavation of 

the pit, and the pit will be compacted and backfilled. 

CONSTRUCTION AND OPERATION OF A W N  SIMULATOR 

A rain simulator will be used to verifj that all the components of the soil solution sampler apparatus 

are interfacing and communicating with each other and the base station. Correction to the 

calibration of the load cells will be performed during the rain simulation experiment. 

MATERIALS AND EQUIPMENT* 

MATERIALS QUANTITY 
Aluminum Frame 150 cm length x 150 cm 
width x 35 cm height 
(made of 5-cm-diam. aluminum pipes) 

Stationary spray panel, 160 an 
(made of 5-cm-dim. aluminum pipes) 

Wooden platfarm (for holding spray tank) 

Spray boom, UO-cm steel pipe 
(1.27-cm-dim. stainless steel pipe) 

TeeJet 110015 LP nozzles 

Spray tank, app. 20 1 
(Stainless steel container) 

Portable electrical air compressor 
100 L capacity tank 

Threaded rods 40 cm 

Air hose 350 cm 

Rubber hose 100 cm 

Inline valve 

1 

10 

10 

60 

1 

1 

20 

1 

10 

10 
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MATERIALS QUANTITY 

Miscellaneous connectors for air and solution 
lines 

Bolts and adapters for spray tank 

Aluminum Box 

*. All measurements given in metric. Approximate British-size supplies may be used if appropriate. 

7.2 PROCEDURES 

The following are the procedures for using a rain simulator: . 

0 Connect all the aluminum bars with the appropriate joints to form the basic frame 

for the rain simulator (see Figure GT.20-2). 

0 Connect the stationary spray panel with rivets to the top part of the aluminum 

frame. 

0 Connect the wooden platform (for holding the spray tank) with bolts to the two 

central spray panels. 

0 Install six TeeJet nozzles in equal distances along the spray booms. 

0 Drill aligned holes in the ends of the spray booms and spray panels. 

0 Connect the spray booms to the threaded rods and attach the rods to the spray 

panels. 

(4011-RavOaa)(clpREV.1)(030(-91) (533pm) 
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COMPRESSOR 

FIGURE GT.20-2 

,@ AIR HOSE 

Figure GT.20-2 SCHEMATIC DIAGRAM OF RAIN SIMULATOR 
(ONLY ONE SPRAY BOOM SHOWN FOR SIMPLICITY) 

(a1 I - s o O - ~ p ) ( ~ ~ O 1 x ~ n a ~ ~ ~ 3 / n )  
(MODIFIED FROM OHODRATI. M.F.F. ERNEST WAJURY. 1990. 'AUTOMATED 
SPRAY SYSTEM FOR APPLICATION OF SOLUTES TO SMALL FIELD PLOTS' 
SOIL SCIENCE SOCIETY OF AMERICA JOURNAL, VOL. 54. P.287-290.) 
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0 Connect the spray tank to the wooden platform. 

0 Connect the hoses and the inline valves to the air compressor, spray tank, and 

spray boom (see Figure GT.20-2). 

0 Place an aluminum delineation box around the aluminum frame. 

0 Put 2 gallons of water inside the spray tank and test the flow rate of the rain 

simulator. Adjust the inline valves to achieve the desired flow rate. 

8.0 INSTALLATION OF DATA ACQUISITION AND TELEMETRY EQUIPMENT 

Installation of data logging and data collection equipment will consist of a remote station, a base 

station, and, if necessary, a repeater station. The attached equipment list contains the required 

equipment needed to interface the data logger to the soil sampling pumps via relay, to the sensors 

and precipitation gauge, and to the remote telemetry equipment. Since line of sight cannot be 

achieved from the soil sampling site to the telemetry base site, a telemetry repeater station is 

anticipated to be utilized to complete the data telemetry link. 

8.1 MATERIALS AND EQUIPMENT 

8.1.1 Remote Station 

CAMPBELL SCIENTIFIC EQUIPMENT LIST 
REMOTE STATION 

ITEM PARTNO. QUANTITY 
~~ 

CR-10 Control Module w/64K RAM and CR-1OM 1 each 
CR-10 WP Wiring Panel 

(4011-REV4W33)(cnOREV.1)(~1) (5-m) 
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ITEM PARTNO. QUANTITY 

Modem (Radio Telemetry) 

5-watt UHF Transceiver, with frequency 
403.00 M H Z  

Celwave Antenna w/mount, w/frequency 
403.00 MHz 
*(or equivalent) 

(RF Cable) Coax BNCNM, Radio to 
Antenna, w/type N female (Remote 
Station) 

Sealed Rechargeable Battery 

12-V Power. Supply w/regulator 

12" x 14" enclosure 

P50/RF95 Bracket Kit 

Solar Panel, 18 watt w/mounts 

16 Channel, Multiplexer 

Multiplexer Enclosure 

Instrument Tripod & Grounding Kit (10 
fi.) 

RF-95 

P-50 

BA-6012-0 

BNCNM 

PSl2-LA 

PS-12 

ENC 12/14 

6228 

MSX-18R 

AM416 

AM-ENC 

CM-10 

1 each 

1 each 

2 each 

8 feet 

1 each 

1 each 

1 each 

1 each 

1 each 

1 each 

1 each 

1 each 

8.1.2 Base Station 

BASE STATION 

ITEM PARTNO. QUANTITY 

RF Base Station RF-232 1 each 

5-watt UHF Transceiver, with P-50 1 each 
frequency 403.00 MHz 
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PARTNO. QUANTITY 

Celwave Antenna w/mount, BA-6Ol2-0 1 each 
w/frequency 403.00 MHz 
* (or equivalent) 

(RF Cable) Coax BNCNM BNCNM as req. 

IBM Computer PC, X T ,  PS, or 1 each 
equivalent, for operating telemetry 
system, and data collection. 

Data Logger Support Software PC-208 1 each 

8.13 Repeater Site a 
If line of sight cannot be achieved from the remote station to base station, a repeater station will 

have to be utilized. The following lists the equipment for one complete repeater station. 

REPEATER SITE 

ITEM PARTNO. QUANTITY' 

RF Modem RF-95 1 each 

5-watt UHF Transceiver, with P-50 1 each 
frequency 403.00 MHz 

Celwave Antenna w/mount, BA-6012-0 1 each 
w/frequency 403.00 MHz 

(or equivalent) 

(RF Cable) Coax BNCNM BNCNM as req. 

12-V Power Supply w/regulator, PS-512M 1 each 
battery and ports 

P50/RF95 Bracket Kit 6228 1 each 

Solar Panel, 10 watt w/mounts MSX-10 - 1 each 

12" x 14" Enclosure ENC 12/14 1 each 

(4011-REV-ooU)(~REV.l)(09-04-91) (533pm) 
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82 

82.1 

ITEM PARTNO. QUANTITY 

Instrument Tripod & Grounding CM-10 1 each 
Kit (10 ft.) IF REQUIRED 

* Antenna Equivalent: If an alternate antenna is employed for this system, it is recommended 
that a YAGI, directional-type antenna be used. 

PROCEDURES 

Remote Site Installation 

The following steps will be performed to ensure proper remote site installation: 

Assemble the instrument tripod, attaching grounding system, and secure. 

Attach the data logger/telemetry enclosure to the instrument tripod. 

Place the data logger, power supply, and telemetry equipment inside the enclosure. 

Attach the solar panel to the instrument tripod, orienting the face of the panel to 

the south. 

Attach the telemetry antenna to the instrument tripod, and secure the antenna 

coaxial cable to the tripod mast with tape or cable ties. Route the antenna cable 

into equipment enclosure, but do not conned to P-50 radio. 

Connect all wires (pump relays, sensors, solar panel, telemetry, and TDR) to the 

data logger. 

( 4 o l l - R E v ~ ) ( o n o ~ . 1 ) ( o 9 - ( u - 9 1 )  (53p) 
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a Ensure RF Modem has a ”station ID” configured as per manufacturer’s 

instruCtiOns. 

a Connect VSWR meter between the P-50 radio antenna connector and the antenna 

coaxial cable. Set the VSWR meter to measure reflected power. 

Turn on P-50 radio and manually key the radio, checking reflected and forward 

power to check the equipment setup. Refer to manufacturer’s specifications for 

forward and reflected power. 

a Remove the VSWR meter and connect the antenna coaxial cable to the P-50 
radio. 

8.22 Repeater Installation 

If a telemetry repeater site is required for the data telemetry link, the following installation steps 

will be followed 

a Assemble the instrument tripod, attaching the grounding system, and secure. 

Attach the telemetry enclosure to the instrument tripod. 

Place the power supply and telemetry equipment inside the enclosure. 

0 Attach the solar panel to the instrument tripod, orienting the face of the panel to 

the south. 

(401 l-REVmU)(<;rpRW.l)(opo4-91) (Pam) 
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0 Connect the VSWR Meter to the P-50 radio and antenna coaxial cable. 

0 Attach the telemetry antenna to the instrument tripod, and secure the antenna 

coaxial cable to the tripod mast with tape. Route the antenna cable into the 

equipment enclosure, but do not conned to the P-50 radio. 

0 Ensure that the RF Modem has a station ID configured as per manufacturer’s 

instructions. 

0 Connect VSWR meter between the P-50 radio antenna connector and the antenna 

coaxial cable. Set the VSWR meter to measure reflected power. 

0 Turn on the P-50 radio and manually key the radio, checking reflected and 

forward power. Refer to manufacturer’s specifications for forward and refleded 

power. 

0 Remove the VSWR meter and connect the antenna coaxial cable to the P-50 

radio. 

823 Base Station Installation 

The following steps will be performed to ensure proper base station installation: 

0 Install antenna on the roof of T-WB (to be installed by RFP Communications 

Dept.) and route the antenna coaxial cable into the office space. 

0 Remove the cover from RF Base Station. 

(4011-REVU333)(cTmREV.l)(~1) ( S a m )  
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0 Turn on the base station and the P-50 radio and manually key the radio, testing 

forward and reflected power. 

Remove the VSWR meter, connect the antenna coaxial cable to the antenna 

connecter on the P-50 radio, and replace the base station cover. 

0 

0 

0 

Connect the serial cable from the base station to the serial port on an IBM 

computer. 

Load the Campbell support software and soil sampling data logger program (to 

be written by user) into the IBM computer. 

Set up the station fde as per manufacturer's instructions. Before proceeding to 

telemetry testing, the following information must be clearly understood by the base 

station operator. Due to the schedule of the soil sampling project, an independent 

operating frequency could not be allocated in time, and, therefore, a "time sharing" 

method of operating the telemetry will be used. The frequency b e i i  "time 

shared" is the operating frequency for the Emergency Response Meteorological 

Mo+toring System. The times of operation for the monitoring system (actual 

telemetry communication) occur once every 15 minutes, Le., 0801, 0816, 0831 

0846, etc, and the duration of "on-the-air" communications is approximately 30-45 

seconds. This communication system has first priority over the system sharing the 

same frequency, and under no circumstances should attempts be made to establish 

a telemetry link during the scheduled communication times of the Meteorological 

Monitoring System. 

Telemeter soil sampling program to the remote site and test the data logger 

function using the Campbell support software. 

(*011-REvdaa)(mREv.1)(09.01-91) (SUpm) 
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8.2.4 Soil Mixture Data 

The soil moisture data obtained by the TDR will be transferred daily to a dedicated computer using 

the radio telemetry system. These data will be processed and tabulated daily. The soil moisture 

data will be transferred periodically to the RFEDS. 

9.0 COLLECTION OF INTERSTITIAL WATERS 

The frequency of soil interstitial water sampling will be estimated daily via remote control system 

(see Section 8.0 and Attachment 1 of the Surficial Soil Sampling Plan for OU2). 

9.1 MATERIALS AND EQUIPMENT 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Vacuum hand held-pump 

Filters (0.45, 0.22, and 0.1 um) 

Filtration device 

Distilled water 

Pol yet h ylene tubes 

Collection bottles precleaned to EPA specifications 

Plastic sheeting 

Logbook 

Sample labels 

HACH portable laboratory equipment for measuring pH, temperature, and 

specific conductance 

(401 l-REVU?33)(cnOREv.l)(O!M4-9l) (*am) 
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9 2  PROCEDURES 

92.1 Zero-Tension Sampler 

The following are the procedures for using the zero-tension sampler: 

0 Rinse the collection vessel and the draining tubes with distilled water, following 

the procedures in SOP GW.6. 

0 

0 

Connect the recovery tube of the zero-tension sampler to a polyethylene access 

tube about 40 cm long (see Figure GT.20-3). 

Connect the polyethylene tube to the draining inlet of the collection vessel. 

Attach a polyethylene tube about 25 cm long to the evacuation tube in the 

collection vessel. 

Connect the portable vacuum pump to the polyethylene tube and hand pump the 

system to approximately 50 kPa. The water from the zero-tension sampler will 

flow from the zero-tension sampler collection bottle to the collection vessel. 

Measure the pH, temperature, and specific conductance, following the procedure 

in SOP GW5. 

Filter the soil interstitial water by using a sequential filtration mode (0.45, 0.22, 

and 0.1 um) described in SOP GW.6. 

0 

a 
(4011-REVUU3)(clpREV.1)(090)91) ( S a m )  
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FIGURE GT.20-3 

WATER COLLECTION FROM 
THE ZERO-TENSION SAMPLER 
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0 Pour the sample into the appropriate sampling bottle. and submit the 

sample bottle to the designated lab according to SOP F0.U. 

9.2.2 Tension Sampler 

The following are the procedures for using the tension sampler: 

0 Rinse the collection vessel and the draining tubes with distilled water, following 

the procedure in SOP GW.6. 

0 Pour the soil interstitial waters that are accumulated in the collection vessels 

housed inside the thermo box into a collection vessel. 

0 Measure the pH, temperature, and specific conductance, following the procedure 

in SOP GW.5. 

0 Filter the soil interstitial water by using a sequential filtration mode (0.45, 0.22, 

and 0.1 um) described in SOP GW.6. 

0 Pour the sample into the appropriate samphg bottle. Label and submit the 

sample bottle to the designated lab, according to SOP FO.l.3. 

10.0 DECONTAMINATION 

Excavation equipment will be decontaminated prior to excavating each trench or pit and at the 

conclusion of the operation. Sampling and peeling equipment will be decontaminated prior to 

collecting each sample. Care should be taken to inspect and monitor all excavation equipment, 

especially the backhoe, to ensure that no hydraulic and/or fuel leaks add contaminants to the site. 
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Specific decontamination procedures are described in SOP F03, General Equipment 

Decontamination and SOP F0.4, Heavy Equipment Decontamination. 

11.0 DOCUMENTATION 

AU field information required by this SOP will be documented on Forms GT.UIA, B, and C. Form 

GT.UIA will be used to record data during excavation of the test pit and soil sampling. Form 

GT.20B will be used for recording data collected during soil interstitial water sampling. Form 

GT.UK: will be used to record data during filtering of the soil interstitial water sampling. Field 

observations and data will be recorded with black ink on the field data forms. 

(401I-REv4m3)(GIpREV.I)(Wl)  (533pm) 



U.S. DEPARTMENT OF ENERGY ROCKY r LATS PLANT 

SOIL PROFILE DESCRIPTION FORM 

Date: Stop No.: 
Survey Crew Members: 
Soil Type: 
Classification: 
Location: Elevation: 
Aspect: Slope (%): Slope Position: 
Parent Material: 
Drainage: Veg. Community: 
Veg. Species and % Comp.: 

@ Data Entered By: 



U.S. DEPAK'I'MENT OF ENERGY ROCKY FLATS PLANT FORhI a 2 0 1 3  

SOIL WATER SAMPLING FIELD DATA FORM 

Date: Instrumented Pit Number: 

Data Entered By: 
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U.S. DEPARTMENT OF ENERGY ROChT FLATS PLANT FORhl GT2OC 

Sample 
NO.  

SAMPLE FILTERING FORM 

Pit 1 Date ---[- Filtering I Analysis 
Number I Sampled I 

0.45 I 0.22 I 0.1 I 

Data Entered By: Date: 
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